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POSITIVE CONTROL OF MATERIALS IN MOTION 


BASE STOCKS 
ON STREAM! 


FIRST ELECTRONIC BLENDER ere 
... AT WILSHIRE OIL 


PRESS. DISTILLATE 


Go 
New  7oportioneers BLENDER 


® Cuts Blending Time In Half ALKYLATE 
© Reduces Operating Costs 
© Achieves Maximum Efficiency in Minimum Space 


CAT. CRACKED 


LT. REFORMATE 


HVY. REFORMATE 








HVY. CAT. CRACKED 


Faster! More accurate! More compact! Many features added to 
“performance proved-leading element” blending system as 
first electronically controlled blender goes ‘‘on stream!” 
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¢ Digital control combined with instantaneous response sets new ! 
highs in specification accuracies. I 
High level signals . . . not influenced by local disturbances I 

. . . allow use of single conduit for added installation savings. l 
Compact control console can be located at most convenient I 
spot away from blend manifold. : 
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Exclusive interchangeable modular construction increases 
flexibility . . . cuts maintenance . . . facilitates servicing. 
Preformulation “dry run” tests save product. 

Electronic field service eliminated with single replaceable 
module. 

Only electronic blender with memory feature. 

Automatic setting — statically from punched data cards —~ 
dynamically from customers computer center. 
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Dependable Proportioneers stream blending systems are 
producing blends from base stocks throughout the world without 
intermediate tankage, cutting investment and operating costs, 
increasing production. The new electronic console makes 

this proven system even better! 
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Write for complete data. 
B-I-F Industries, Inc., Dept. P., 
412 Harris Avenue, Providence 1, Rhode Island 





ANNOUNCEMENT 


PETROLEUM REFINER in this issue announces a change in its name 
to 


HYDROCARBON PROCESSING & PETROLEUM REFINER 


The management and editors of Gulf Publishing Company feel 
that the new name more nearly identifies the enlarged and enlarging 
scope of this magazine which for many years has been offering com- 
plete coverage of developments in the world-wide Hydrocarbon 
Processing Industry. 


PETROLEUM REFINER, established in 1922 as Reriner AND NATu- 
RAL GASOLINE MANUFACTURER, was the first magazine to cover a 
specialized function of the petroleum industry. Since then it has 
become and for many years now has been the leading periodical 
in its field which is oil, gas and petrochemical processing now known 
as the HPI or the hydrocarbon processing industry. 


Readers can be assured that our experienced editorial staff will 
continue to cover every phase of all significant developments in this 
specialized field as has been PR’s longtime practice and policy. An 
editorial content improved from month to month will be our con- 
stant aim. So even though the name is changed, readers by the 
thousands will continue to look forward each month for their copies 
of PETROLEUM REFINER under its new banner 


HYDROCARBON PROCESSING & PETROLEUM REFINER 
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A Gulf Publishing Company Publication 


A Quick Look 


at this issue 


These handy digests permit checking 
the articles you want to read first. 


API SPECIAL REPORT 


Alloy Stops Corrosion in Fluid Coker .. . 
Severe sulfide corrosion in the burner of a fluid 
coking unit has been controlled using 12-Chrome steel 
internals. Steam and water injection proved to be 
successful, but the cost of this type control suggested 
that alloying was best economically. For details, turn to 


Page 149. 


Corrosion Rates in Sour Crude Units . . . Tests 

show the corrosion rate on 5-Chrome furnace tubes 
increases at 2 mils per year for 1,000 barrels of sour 
crude charged to a total of 65 mils per year at a charge 
of 85,000 bpd. However, when replaced with 7-Chrome 
tubes, the rate dropped to 5 mils per year. For curves 
which will allow you to predict the corrosion rate in 
sour crude units, turn to Page 154. 


First Study Analyzers in Mobile Unit .. . 
If you are not sure where process analyzers will 
payout for you, consider using one of these mobile units. 
They will help you find successful applications for new 
process analyzers becoming available. Some examples 
of their use are given in the article starting on 


Page 159. 


Chromatography Pays Its Way on Alky.. . 
Alkylation efficiency is increased by using a chroma- 
tograph to analyze five of the alky’s streams. See how a 
four-month payout was figured for this installation by 


turning to Page 163. 


Predict Poisoning Effects of Metals . . . This 

concept is useful in relating laboratory results on 
contamination to plant and pilot plant results and in 
properly evaluating operations for commercial units. 
For an interpretation of contaminant coke on your 
own catalytic cracking data, see Page 168. 


A Way to Get Heavy Normal Paraffins .. . 

The Molex process has been extended to the re- 
covery of normal paraffins as a class, in high purity, 
from hydrorefined straight-run stocks boiling above the 
naphtha range. Check these important pilot plant 
data by turning to Page 173. 


Please Turn Page => 





New SUPER DUMPMASTER Handles Converted 
DUMPSTER Containers...Beats Long-Haul Problem 


"No Container Haul System" 
Collects Refuse on Spot 


If longer trips to disposal areas have 
raised your operating costs, a small 
investment in conversion kits pro- 
tects large investments in DUMP- 
STER containers. The Super 
DUMPMASTER handles converted 
DUMPSTER containers up to 12 
cu. yd. and all DUMPMASTER 
containers one thru 12 cu. yd. 


Latest Addition to the 


BWPSya 
UNPSya 


SYSTEMS 


Owners of DEMPSTER-DUMPSTER Systems 
who now face long haul problems due to move- 
ment of disposal areas may now convert from 
their present “container haul” system to the 
new SUPER DUMPMASTER “no-container- 
haul” system without abandoning their invest- 
ment in DUMPSTER Containers. 


The SUPER DUMPMASTER makes its rounds 
to each converted container, mechanically 
empties the contents into its 30 cu. yd. packer 
body and compacts the material to a fraction 
of its former volume with the 85,000 lb. force 
of its packer plate. Rather than haul each con- 
tainer to the disposal area, the SUPER DUMP- 
MASTER carries the contents of many con- 
tainers on each trip, cutting collection costs 
drastically. Mfd. Only By 


Write Today for FREE BROCHURE : Sm 4 DEMPSTER BROTHERS 
DEMPSTER BROTHERS 


DEPT. PR-5 KNOXVILLE 17, TENN. 





The SUPER DUMPMASTER engages con- Clearance arms carry it toward hopper 
tainer. opening. the compaction body. 


Container is rotated, emptying contents into 
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A Quick Look at This Issue... 





A Refiner Looks at Pumps, Compressors and 

Turbines . . . This refiner says the keys to success- 
ful operation of this equipment are: incorporate API 
Standards 610 (Centrifugal Pumps), 617 (Centrifugal 
Compressors) and 615 (Mechanical-Drive Steam Tur- 
bines) in your specifications. For a look at the refiner’s 
viewpoint, turn to Page 175. 

A Manufacturer Looks at Turbines . . . Engi- 

neering costs on a large steam turbine for com- 
pressor or blower drive represent 25 to 35 percent of 
the sales costs. The Manufacturer says that API Stand- 
ard 615 has not created a harmonious opinion on 
auxiliary equipment specifications, especially lubrication 
specs. For a quick review of a manufacturer’s prob- 
lems, turn to Page 176. 


Will Air Flotation Remove the Chemical 

Oxygen Demand of Refinery Waste Water? 
- « « The article cites as much as 80-percent removal of 
waste water chemical oxygen demand by air flota- 
tion. DX Sunray’s Tulsa refinery designed tests to 
differentiate between COD reduction caused by removal 
of suspended matter and that caused by oxidation 
of materials dissolved in the water. To see the results, 
turn to Page 177. 

More About Figuring Rvp of Blends . . . An 

accurate prediction of the Reid vapor pressure for 
a motor fuel can be made by using the method dis- 
cussed here. Examples illustrating how the method 
is used and some short cuts for applying the method 
begin on Page 181. 

Latest Score: Reflux vs. Trays . . . Now better 

estimates for reflux rate and number of trays in 
multi-component distillation are possible. Dissatisfied 
with existing short cuts and empirical techniques, the 
authors present a new method resulting from a com- 
puter study. A refresher on other methods also is in- 
cluded, so turn to Page 183. 

Find Best Solvent with This Chart . . . It is 

easier to pick the solvent which will remove a 
hydrocarbon from a petroleum fraction by using this 
chart. The method is simple and gives estimates which 
can be extended into preliminary process design. To 
see how the method works when applied to a new 
process for aromatics extraction, turn to Page 189. 

How to Arrange Process Drums. . . This arti- 

cle shows how careful evaluation of drum location 
can effectively cut overall plant costs. To include this 
valuable data in your plant design notebook, be sure to 
turn to Page 195. 

Solve Van Laar Equations Graphically .. . 

This item presents ways to cut calculation time 
when solving, correlating and extending vapor-liquid 
équilibrium data. You can clip this material for your 
workbook by turning to Page 199. 

Now Residue Properties Correlated . . . Fre- 

quently you must estimate the properties of a ma- 
terial from its other properties. Some correlations for 
heavy petroleum fractions and residues are given begin- 
ning on Page 205. 

Equipment Cost Data File—Part 2... This 


part of a cost data series explains how you can esti- 
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mate expansion roof tanks for both 5-foot and 10-foot 


lifts. For the details, turn to Page 209. 


Make Polyacrylonitrile Continuously .. . This 

article based on pilot plant data, gives the ad- 
vantages of continuous over batch polymerization, see 
Page 211. 

Short Cuts to Centrifugal Pump Selection. . . 

Simple graphs show how easy it is to find the most 
economical number of impellers, rpm, double or single 
suction, minimum npsh, efficiency and power input 
for a given head and capacity. For a look at these 
short cuts, turn to Page 217. 

Simplified Method for Rating Baffled Ex- 

changers . . . This article simplifies the Tinker 
method for rating baffled flow heat exchangers by 
nomographs and equations. You can learn how to use 
the method with ease, and yet retain accuracy. For the 
comprehensive report, see Page 221. 

Thermo Data for Petrochemicals . . . This is a 

neat package with a vast amount of thermody- 
namic data on such important alcohols as gaseous 
isopropanol, tertiary butanol, cyclohexanol and phenol. 
Eliminate the trouble of hunting for such information 
by turning to Page 234. 

How Feeds Affect Cat Cracker Yields . . . Mini- 

mize costly pilot plant evaluations with these equa- 
tions. You can use them to predict product quality and 
yield by knowing cat cracker feed properties. See the 
details on Page 237. 

Ethylene Compressibility Factors at Low 

Pressures . .. Here’s an article to start your note- 
book of Z’s for gases at low pressures. To get the 
latest material about experimental compressibilities of 
ethylene at pressures up to two atmospheres and temper- 
atures from —22 to 150° F, see Page 245. 

Use Fractions for Recycle Balances—Part 1 

. - « The first of a two-part series, this item deals 
with taking the trial and error out of calculating multi- 
component systems. To clip this material for your 
design notebook, turn to Page 247. 

Find Reaction Equilibrium Graphically .. . 

Here’s a method for solving chemical reaction 
equilibrium problems with limited thermodynamic data. 
You can use this for design and for selecting optimum 
operating conditions by turning to Page 251. 

Revitalize Your Safety Program... Here’s an 

easily organized plan for supervisors that takes only 
five hours, and which can add renewed life to their 
safety efforts. You'll find this refreshing approach 
to teaching safety changes attitudes fast. Turn to 
Page 259. 

New Standards for Information Retrieval. . . 

A handy, standardized way to index magazine 
articles, books and company reports has been proposed 
by AIChE’s Standards Committee. In this interesting 
article, you’ll learn the latest whys and wherefores of 
retrieving information from the literature, see Page 263. 

A European Looks at U.S. Oil Policy . . . This 

article tells why a noted British petroleum econo- 
mist thinks the world’s oil problems are serious enough 
for industry “summit” type conferences on an interna- 
tional level. See the economist’s views beginning on 


Page 270. 
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*® INCOME QUOTIENT 


Engineering-Management Status: Dream or Mirage? 


Technology an asset, but other training required 


The complexity of modern industry has 
created a great demand for management per- 
sonnel with engineering training. Surprisingly, 
there is a very short supply of such men, i.e., 
engineers with enough potential to be groomed 
for executive functions. 

Historically, as big industry moved out of 
restricted, private ownership into broader public 
ownership, two things happened, both of which 
added to the demand for “management men.” 
First, public ownership made possible more 
diversified management, as opposed to the cen- 
tralized control characteristic of family owner- 
ship. Second, the complications and diversifica- 
tion of modern industry have sharply increased 
the ratio of executives to employees. Where the 
ratio was formerly approximately one executive 
to 100 employees, it is now more like one to 35. 

Recognizing that employment has increased 
by about one-third during the same period, 
the need for management personnel becomes 
clearer. Not only do few engineers graduate 
from school ready to be managers, few of us 
study courses as undergraduates which would 
prepare us for executive leadership later in our 
careers. Finally, as a prerequisite for managing 


WRITE FOR YOUR 
COPY TODAY 
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the affairs of others, there is no substitute for 
experience. 


WHAT DO YOU REALLY WANT? 


If you are facing this important decision in 
your present status, get your future into focus 
before taking the step. Decide what you really 
want from your personal and business careers. 
It is sometimes too easily assumed that all men 
want to move on to higher, executive positions. 
With few exceptions, all men pay lip service 
to “wanting to get ahead,” but too many of 
us hoodwink ourselves into believing this means 
management responsibilities, without fully 
recognizing the significance of such a step. 


As a matter of fact, all men don’t want to 
advance into management. Some, however, find 
this out too late, for unless they are psycho- 
logically and emotionally suited for the rigors 
of management, the driving ambition to assume 
more leadership, responsibility and authority 
may not in itself be a worthwhile goal. If a 
man is doing well where he is, it may be a 
mistake for him to try to move into the man- 
agement orbit, for the move to management 
is not the only door to advancement. 


. .. the growth of an engineer, either into greater 
achievement in technology or into executive 
responsibility, is a matter of gratification and 
importance to Western. In our own organization, as 

well as in our customers’ firms, we have seen 
“fledglings” make lasting contributions to the 

science of processing and the business of management. 
Recognizing the importance of an early and 

correct choice of each man’s road to success, we have 
devoted one of Western's “professional 

development” booklets to this important subject, 

and there is a copy waiting for you, without obligation... 
Also without obligation, we offer our assistance in 

the solving of your next heat transfer problem. 


WESTERN 


HEAT EXCHANGERS 
WESTERN SUPPLY COMPANY 
P.O. Box 1888 — Tulsa,Oklahomea 
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Repeat Performance 


For the fourth consecutive year PETROLEUM Re- 
FINER has won the National Safety Council’s Public 
Interest Award, given annually to deserving mass- 
communications media. Winners of the award are 
cited for “exceptional service to safety.” This year, 
PETROLEUM REFINER was the only publication spe- 
cialized for the HPI which captured the NSC honors, 
given also to 56 other technical and trade publica- 
tions. Established in 1948, the Public Interest Award 
is presented in recognition of “leadership, initiative 
and originality by the mass media in promotion of 
accident prevention.” All winners will receive plaques. 

PR’s safety articles usually appear under the gen- 
eral heading of “As Management Sees It” (starts on 
Page 259 this issue) and are handled by Charles 
Vervalin our Management and Personnel Editor. 


‘Tis the Best! 


“Effective Technical Reporting,’ a PETROLEUM 
REFINER Special Report, continues to draw such 
words of commendation that we are moved to tell 
all and sundry that reprints are still available. “We 
have been making good use of ‘Effective Technical 
Reporting’ in one of our classes,” wrote Dr. DeWitt 
Reddick, director of the University of Texas School 
of Journalism. “There is a lot of good material here 
for the person who would learn how to be an editor.” 
And/or, we would add, a technical writer. William 
W. Fredericks of Dearborn, Mich., in another letter 
said, “The articles on report writing are the best 
I’ve seen.” 

The reprint is available at 50 cents a copy. Address 
PR’s Reprint, Box 2608, Houston 1, Texas. 

Also from the same address (and for 75 cents per 
order) there are now available reprints of “Enthalpy 
of Petroleum Fractions” with four basic enthalpy- 
temperature charts in large size and color. This ar- 
ticle, by R. L. Johnson and H. G. Grayson appeared 
in our February issue. 


In Same Spot 


Every magazine worthy of its salt regrets— 
and most sincerely—any and all errors that might 
creep into its columns. But no magazine edited by 
human beings (and all of them are, although the 
attitude of some national news weeklies sometimes 
leads one to wonder if the editors don’t place them- 
selves in a higher category!) is free of errors, typo- 
graphical or otherwise. So corrections must be made 
from time to time (although they seem to get on 
the “must list” much more frequently than that 
phrase indicates). And for PR reader convenience, 
they will always be found in the same spot, viz., 
“The Mail Box” (shows in Editorial Contents list- 
ing as “Letters”). We hope every month, of course, 
that the letter page will be free of items labeled 
“Correction” or something similar, but when thew 
are called for, that’s where you will find them. 





Norblo 


Always your 
best move 
for 
satisfactory 
TKS 
collection! 


You put more than 75 years of 
combined experience at your disposal, 
when you call in a Buell-Norblo 

Sales engineer. He's qualified and 
ready to help you design and lay out a 
complete dust collection system with 
the right equipment foreach 
application. For literature write Buell 
Engineering Company, 

123 William St., New York 38, N. Y., 
Northern Blower Division, 

6409 Barberton Ave., Cleveland, Ohio. 
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~ Quick Look at Industry... 


How to Make Dollars Evaporate... 


Loss by evaporation is costing petroleum industry $250 million a year 
according to Standard of Ohio report at San Antonio WPRA meeting. 
Processing end of industry accounts for 36% of total evaporation, but 
the big problem is in marketing, where it has hit 24%—all expensive 
end products. Details on page 326. 











And in This Corner, Celanese!... 


Patent infringement controversy rages as Celanese and Du Pont square 
off in court over alleged infringement of acetal-copolymer-resin patent. 
Du Pont claim: Celanese "Celcon" is made same as Du Pont's "Delrin." 
Meanwhile, Celanese continues with plans to build plant. Details on 
page 326. 











Automation in Catalyst Picture... 
Gulf Research & Development up with new instrument that analyses cata- 
lyst automatically, saves 14 manhours for each test run. Based on 
nitrogen adsorption techniques, device measures catalyst's surface area, 
pore volume, pore size distribution. Details on page 316. 











End of ‘Blackout’ by East Germany... 


England's Humphreys & Glasgow agree to buy licensing rights of chemical 
processes from East Germany's LIMEX, a trading corporation. Says H & G, 
"For first time in 2l-year blackout, this agreement gives West access 
to all major chemical processes of sixth-largest chemical producing 
country." Details on page 33l. 

















Arrival of a Long-Awaited Merger... 


Long-planned merger of WPRA and NPA is about to become reality. Resolu- 
tion was adopted at San Antonio WPRA meeting to effect that "merger 
would be in best interests of each association." The new name: National 
Petroleum Refiner's Association. Details on pages 332-334. 











Polyethylene Pierces Iron Curtain... 


Deal has been signed under which U.S.S.R. "satellites" will get poly- 
ethylene know-how from British firms ICI and Simon-Carves. Involved are 
Poland, Rumania, Czechoslovakia and East Germany. Simon-Carves' con- 
tract alone worth more than $19 million. Details on page 320. 











Panning the Process and Product Scene... 


New developments in metals field may apply to HPI. Technique makes metal 
powder so finely divided that particles are in sub-micron range. 

Result: reactions involving these metals, either as reactants or cata- 
lysts, could give greater reaction velocities and lower activation 
temperatures . . . Houdry and Northern Natural Gas working on new 
natural-gas fuel cell .. . Union Carbide researching Nylon-7, pre- 
viously developed by Soviet Union . . . Scientific Design to license new 
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Quick Look at Industry (Continued) 


catalyst for making phthalic anhydride from o-xylene or naphthalene... 
Unity of acrylates and olefins may result in new plastics family being 
worked on by Dow Chemical . . . Copper compounds being developed as 
gasoline additives by Quantum, Inc. -. .« - UOP gasoline anti-corrosion 
additive prevents fouling of carburetor throats . . . More about these 
developments on page 3516. 














Hydrocracking Looms Big in Processing... 


Recent reports show new hydrocracking processes can eat deep into 
refinery streams to come up with high quality gasolines, jet fuels. 
Last month, Refiner article revealed data for feed materials as heavy 
as 866°F endpoint coker gas oil to charge Union of California's Uni- 
cracker. Now California Research claims successful operation of Iso- 
cracker on 855°F endpoint catalytic cycle oil and 900°F endpoint 
straight run material. 

















Imports and the ‘Suggestion Box’... 


Specific suggestions on crude oil import program at public hearings this 
month called for by Assistant Interior Secretary Kelly. He also opened 
door to possibility of no crude import program at all in speech at 
Evansville, Ind. Meanwhile, IPAA calls for "balance between petroleum 


imports and domestic production, and upward adjustment in crude-oil 
prices." 











Good News for Isoprene Makers... 


B. F. Goodrich researchers isolate and detect polymerization-inhibiting 
hydrocarbons in commercially available isoprene. While 1,3 cyclopenta- 


diene is most detrimental, 17 other impurities have been detected or 
isolated. 











On the Labor Relations Front 





OCAW's 0. A. Knight aims for cutback of work hours when unemployment 
becomes national problem. He wants hours worked adjusted to unemploy- 
ment with take-home pay maintained or increased . . . Unions accelerate 
two-pronged drive for more and bigger "fringe" benefits. They're 


putting pressure on Federal Government. More about these developments 
on pages 320-324. 











Quick Look Around the World... 


West Germany keeps moving ahead in plastics, as production soars to 2 
billion pounds annually. Country has taken over per-capita consumption 
lead . . . New study shows Soviet chemical engineers making good prog- 
ress_in adsorption field, but not applying research and theory indus- 
trially . . . Pemex sharply curtails expansion plans for 1961, orders 
of government . . . Italy still bright star in petrochemical develop- 


ment, as production investment in this field goes over half billion 
dollars. 




















Last of U.S. benzene imports signals new pattern in world benzene 

trade . . . Top Continental 0il economists look for sharp upturn in 

U.S. economy in next 2 or 3 months . . . U.S. Interior Department asks 
government for $27 million to start $225-million, 25-year helium con- 
servation program . .. Los Angeles County could be as smog-free by 

1965 as it was in 1940 according to new 290-page report by Air Pollution 
Control District. More about these developments on pages 326-334. 
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Only B&W Job-Matched Stainless Tubing and Pipe Give You 


A FREE HAND IN DESIGNING 
FOR ANY APPLICATION 


Only B&W’s full-line versatility gives you the choice of both seamless 


and welded tubing and pipe in all stainless analyses. And, a full range 
of diameters, wall thicknesses and surface finishes are available so 
that you can get the one, proper combination of physical and me- 
chanical properties which fits your specifications exactly. 

Once the proper material is selected, B&W quality control steps in 
to make sure the desired properties and dimensions remain uniform 
from piece to piece. Fabrication is faster, more efficient. Material in 
service is more dependable, lasts longer. 

Considering stainless for a pressure or mechanical application? 
Call your local B&W District Sales Office or write for Bulletin T-190. 
The Babcock & Wilcox Company, Tubular Products Division, Beaver 
Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 





TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, rolled rings, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 


TA-1014-S 
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MORE 
PROFIT 

WITH 
AMMONI 


Kellogg Steam Methane Reforming Process 
Sets New Lows in Direct Operating Costs 


Wherever you may be planning a new ammonia 
plant—for ammonia alone or as a component of a 
complete fertilizer complex, recent developments in 
Kellogg Steam Reforming now make a Kellogg-de- 
signed ammonia plant more economical than ever to 
operate as well as to build. 

The figures shown above are direct operating custs 
per ton for five major U.S. areas. They are based on 
rates given in the utility table (right). Catalyst and 
chemical consumption have been included—at 34¢ 
per ton of ammonia product and 7¢ per ton, respec- 
tively. Labor, maintenance, taxes, insurance, depre- 
ciation and interest have not been included since 
these vary with individual client situations. 

Feedstock for the process in this case is natural 
gas. Comparable low operating costs are possible 
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with refinery gas feed, or even naphtha, under cer- 
tain circumstances. 

For a detailed description of Kellogg’s ammonia 
process and other data, write for the new 12-page 
booklet—‘“‘Ammonia”’. 





UTILITY UNIT COSTS* 
EAST GULF MID- PACIFIC WEST 
COAST COAST WEST NORTHWEST COAST 
Natural Gas— Feedstock 
and Fuel, ¢/MM Btu 59 20 40 
Electric Power, ¢/K WH 0.7 0.6 
Cooling Water, ¢/M Gals. 2.4 1.8 2.5 


Steam, ¢/M Lbs. 65 32 67 


*Cost of steam is based on minimum fuel cost for each area 





THE M. W. KELLOGG COMPANY 


711 Third Ave., New York 17. A subsidiary of Pullman Incorporated 


Offices of other Kellogg companies are in 
Toronto, London, Paris, 
Rio de Janeiro, Caracas, Buenos Aires 
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We Must Keep Our Patent System! 


— An Open Letter — 


Dear Mr. HPI: 


Some people don’t like our patent system. Some 
want minor changes. Some want major changes. 
Some want the government to Own more patents. 
Now comes a new group of critters who aren’t in- 
terested in revision; they want complete elimination 
of the patent system. 

Of course there are some weaknesses in the present 
system. But if we eliminate the system altogether 
we will lose one of the best devices ever created to 
give us a fuller and better life. Our system, together 
with our anti-trust laws form an essential part of our 
American free-enterprise system under which we 
have achieved the highest standard of living on earth. 
Dr. Carl E. Barnes, Vice President of Research of 
Minnesota Mining and Manufacturing Co. recently 
pointed out that the patent system stimulates com- 
petition for new products and thus provides the all 
important factor of progress in our economy while 
the anti-trust laws insure that no one will unlaw- 
fully dominate a field and thus stifle competition. 

Since you, Mr. HPI, understand the inter-workings 
of patents and anti-trust laws you should put up a 
vigorous fight to preserve our patent system. Now, 
the anti-trust laws are not under fire. On the con- 
trary, they are widely believed to be good. It is the 
patent system that is currently under unwarranted 
attack. 


Suppose We Had No Patent System? Would in- 
dustrial research and development continue if we 
no longer had a patent system? Of course some 
would continue. But the character of the work would 
change. The work would be shrouded in secrecy and 
would be directed toward short-range improvements 
of existing products rather than toward long-range 
research to create wholly new products. 

What would be the incentive for you, our inven- 
tors? You spend many of your waking hours in 
search of new products and new ideas. You are moti- 
vated strongly by the hope of discovering something 
patentable—a tremendous incentive. You’ve heard 
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some people say that as long as an inventor assigns 
his patent to the company for whom he works, then 
that part of this incentive is gone. But let’s get this 
straight: Don’t ever forget that a United States 
Patent is issued in the inventor’s name; and although 
he assign the rights to his company, his name will 
forever be attached to that patent. No one can take 
this away from him. The more patents that bear his 
name, regardless of what he did with the rights to 
them, the greater is his standing in his technological 
circle. Issued patents are tangible evidence of his 
worth as an inventor. They have an effect on his 
salary. 


Is 17 Years Too Long? Some of the arguments 
revolve around the “17-year monopoly” granted by 
the patent. These people point out that if monopolies 
are illegal it is inconsistent to grant a legal monopoly. 
Patents, they say, discourage competition, and create 
great 


“ 


social waste” by making it necessary to spend 
much research money to “get around” existing pat- 
ents. You see, Mr. HPI, these critics don’t seem to 
realize that in attempting to “get around” existing 
patents many superior developments not previously 
known have been given to the people in the form of 
further patents that otherwise would not have been 
discovered. 

But again, is 17 years too long a time? Take nylon, 
for example. From the time the original invention 
was made 12 years had gone by before the fiber was 
successfully taken through the long expensive period 
from product development to the pilot plant and 
then into production. This left only five years in 
which this great American company had to build a 
market and sell the product in order to reclaim the 
investment before business competition could legally 
come in. Yes, Mr. HPI, hardly long enough consider- 
ing the investment may have approached $100 mil- 
lion or son. 


Government Wants Patents Too. There were 
several bills considered in the 1960 session of Con- 





es . Our experience dates from the early 
i ome em days of petroleum processing and 

RO extends from the Texas Gulf to the 
UP Canadian Rockies. Stearns-Roger plants are de- 


FROM THE GROUND au signed for the raw feed, the products and for 
economy of investment and operation. Plants engineered and built by 
Stearns-Roger give customer satisfaction and induce repeat business. Stearns-Roge 2S 
Let us engineer and construct your new facility or plant modernization. © 


P.O. Box 5888 
Denver 17, Colo. 


DENVER 
HOUSTON 
SALT LAKE CITY 


Stearns-Roger 
Engineering Co., Ltd. 
Calgary, Alberta, 
Canada 














e DESIGN * ENGINEERING * CONSTRUCTION * MANUFACTURING 
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gress to change ownership of patent rights in con- 
junction with government-sponsored research con- 
tracts. The few people who back this idea aver that 
the government pays the bill, hence it should have 
the patent rights—and these few think this is logical. 
In fact, Senator Russell Long (D. La.) contends that 
any businessman would use the same argument. But, 
dear Senator Long, the important thing here is some- 
thing that you senators have a tendency to forget— 
The government is not the same as a private company. 

Dr. Barnes of MMM points out that the funda- 
mental quality of a patent is its exclusiveness. When 
the government owns a patent—as opposed to a com- 
pany owning it—this exclusivness is destroyed, and 
the patent is in effect nullified. The government does 
not need to own the patent resulting from a research 
contract with any company. All it needs is a royalty- 
free, non-exclusive license to make, or have made 
for it, anything required for national defense. 

Now, you may not believe this Mr. HPI, but, the 
government would like to go a little further. For there 
is an attempt in some pending legislation, to reach 
back into the areas beyond the scope of the govern- 
ment contract and lay claim to proprietary informa- 
tion which was developed by private funds. Back- 
ground information which is basic to an invention 
made under a contract may be made available 
through normal licensing procedures (see PETROLEUM 
Reriner, April 1961, Page 13, “Process Secrecy— 
Wise or Otherwise’’). 


What To Do? Most of us, Mr. HPI, believe that our 
ideas are our own property. Now there is nothing 
wrong nor radical in this idea, is there? The patent 
law was devised to make it legal to own your own 
ideas, provided these ideas result in some useful in- 
vention and provided the public is told all about this 
invention. If we want to keep our idea a secret, that’s 
our business; but if someone else finds out how to do 
it, then we have no legal recourse unless we patented 
our invention, and thereby contributed to the public 
storehouse of knowledge. 

We are presently in a technological race with Rus- 
sia and we have been accused of being behind in two 
areas—space research and atomic energy. Do you 
really think it is a mere coincidence that these are 
the only two areas thus far where there has been 
government interference with the normal functioning 
of the patent system? Doesn’t this clearly indicate to 
you, Mr. HPI, that governmental control of patents 
has already reduced incentive to a point where this 
country’s dominant position as a world power is in 
jeopardy? 

If there are modifications to be made in our patent 
system then by all means let’s make these minor re- 
visions. But, for goodness sake, and for the sake of our 
existence itself 

1. Let’s keep our patent system, and 

2. Let’s get government out of patent ownership. 


Houston, Texas 


May, 1961 


Yours truly 
J.J.M. 
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ONCE AGAIN, President 
Kennedy, it looks very much 


Pollution 

Of Freedom? 
like the federal government is going to gain more 
control over our daily lives. This time, it’s in the 
air pollution field. As you stated in a proposal to 
Congress, “We need an effective federal air pollution 
control program now.” But the fact is, Mr. President, 
federal control is unrealistic. Control belongs on the 
local level. A working partnership between govern- 
ment and industry is feasible and desirable. But more 
and more dependence on government to handle lo- 
calized problems is not. 

You see, Mr. President, each community has indi- 
vidual air pollution troubles, peculiar to its own 
locale. Though a community may have some pollu- 
tion sources similar to those thousands of miles away, 
its meteorology and topography may differ. The logi- 
cal conclusion from this: Local problem + local 
control = local solution. Therefore, we urge that you 
carefully note the following recommendations. ‘They 
may cut another step off of our apparent march 
toward socialism: 

(1) Have the U.S. Public Health Service study 
health aspects of pollution, but leave technical serv- 
ices and research and development to industry, which 
is most qualified to deal with them. 

(2) Enact legislation permitting industry to treat 
air-pollution control expenses as operating costs. 

(3) Provide federal loans to small businesses for 
purchase of control equipment. 

(4) Make federal research funds available to in- 
dustry to develop and test control methods. 

(5) Coordinate pollution abatement activities on 
the national level, but maintain control at the local 
level. This can be done by using the non-profit Air 
Pollution Control Association as a nucleus and “na- 
tional clearing house.” 

Industry is willing to try this five-point program, 
Mr. President. Are you? 


There are those who think of profit as something 
which weakens their jobs under certain conditions 

. the reverse is obviously true. Nothing hurts jobs 
as much as lack of profit. Certainly one of the most 
unhappy symptoms and direct by-products of the 
profit squeeze is painful unemployment. Certainly 
the food that nurtures jobs ts profit. 

The profit system is the only one compatible with 
our political, moral and economic traditions. Only 
under the profit system has man attained those ends 
by which we set so Independence, 
ownership of property, savings, a sense of responsi- 
bility, a rational planning of one’s own life, and, 
that greatest boon of all, the freedom of choice and 
the courage to make it. 

-Roger M. Blough 
Chairman, U.S. Steel Corp. 
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WHICH ANTIKNOCK AND HOW MUCH? 





1. In one of Ethyl’s five gasoline testing laboratories, 
customers’ gasolines are blended with TEL, TML, 
“MLA” (mixed lead alkyls), and “TELMEL” (phys- 
ical mixtures of TEL and TML), in concentrations 
ranging from 1.06 to 3.17 grams of lead per gallon. 


2. Each sample is rated for Research and Motor octane 
number. In addition, distillation, vapor pressure, sul- 
fur, gravity, and percentage aromatics, olefins and sat- 
urates are determined. Altogether, each sample is sub- 
jected to over 80 separate tests. 


<« 
shite: Mi Hs Bs AS Ri 


§. The report is discussed with the refiner. Here C. A. 6. When the laboratory work indicates a potential gain 


Cole, Chief Refinery Technologist, in the Eastern from changing antiknocks, tests of selected gasolines 
Region, and D. J. Chapman, National Account Rep- are made on Ethyl’s controlled-weather chassis dyna- 
resentative, point out highlights of such a study. mometers in Detroit. 
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3. A comprehensive computer program, designed by 4. The results of each customer program are thoroughly 
Ethyl’s Dr. W. C. Healy, Jr., shows cost effectiveness reviewed by Ethyl’s Refinery Technology Division at 
of each antiknock at each concentration for a rang2 the Detroit Research Laboratories. Here T. W. Warren 
of given octane numbers, as well as octane numbers and L. E. Stinson put the final touches on the as- 
obtainable for a range of costs. sembled data. 


HERE’S ETHYL’S ANSWER: An expanded service that 


matches gasoline composition and antiknock... helps to blend fuels that meet the 
individual refiner’s needs at lowest cost. 


Having many antiknocks to choose from gives refiners a new opportunity to improve 
gasoline performance and/or save money on refining costs. However, they add a com- 
plicating element to an already complex problem—how to achieve optimum balance 
between refinery processing and antiknocks. In Ethyl’s view, refiners should be able to 
look to their antiknock supplier for help in solving this problem. 

Ethyl’s service rates eight “Ethyl” antiknocks in customers’ gasolines, to establish the 
relative benefits of each at varying concentrations. The photographs illustrate this service. 
For further information on Ethyl’s wide range of antiknock compounds, and the com- 
plete line of services that go with them, call your Ethyl Representative. 


ETHYL CORPORATION, sew york « TULSA + CHICAGO + HOUSTON « LOS ANGELES 


ETHYL CORPORATION OF CANADA LIMITED, TORONTO + ETHYL USA (EXPORT) NEW YORK 17, N.Y. 
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Save with 
Solvay’s 
giant, 
economy-size 
caustic 

soda 
package! 


lied 
hemical 


For more data on advertised products, use Readers’ Service Cards, last page. 


Save two ways when you order caustic soda 
shipments by Solvay barge. First, barge rates are 
lower. Second, you save handling ... with even a 
small barge you hook up just once to pump out 

the equivalent of 10 tank cars of caustic soda. 


If your plant is located on one of our coastal or 
inland waterways ask your Solvay representative 
about cost-saving barge shipments of caustic soda. 
50% liquid caustic soda, rayon or regular grade, 

is available by barge from 3 Solvay producing 
points ... Moundsville, W. Va., Brunswick, Ga., 
and Baton Rouge, La. 
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SOLVAY® CHEMICALS FOR THE PETROLEUM INDUSTRY 
Aluminum Chloride * Carbon Tetrachloride * Calcium Chloride 
Caustic Potash ¢ Caustic Soda * Chiorine * Chloroform 

Mutual® Chromium Chemicals « Soda Ash ¢ Potassium Carbonate 
Sodium Nitrite ¢ Vinyl Chloride Monomer 


SOLVAY PROCESS DIVISION 
61 Broadway, New York 6, N.Y. 
IN CANADA: Allied Chemical Canada, Ltd. 
1450 City Councillors $t., Montreal, P.Q., Canada 


+ Houston 
Syracuse 


Branch Sales Offices: Boston + Charlotte + Chicago + 
New Orleans + New York « Philadelphia + Pittsburgh - 


Cincinnati + Cleveland + Detroit 
St. Louis + San Francisco + 
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Six “mouths” to feed... 
each protected by AAF 


These giant heat-recovery towers depend on a con- 
stant “diet” of clean air for efficient, uninterrupted 
operation. They are part of Transwestern Pipeline 
Company’s new gas-treating plant at Fort Stockton, 
Texas, where CO. is extracted from natural gas. 

Banks of AAF PL-24 dry-type unit filters pro- 
vide the right degree of air cleaning for each tower 
—day in, day out. The PL-24 is a rugged, all-metal 
unit which utilizes inexpensive disposable media. 
The filter's pleated design provides 282 sq. ft. of 
media in a face dimension of 2 feet square and a 
depth of only 8 inches. Initial cost of the PL-24 
is low. Replacement media comes in rolls and 


can be quickly and easily installed in the pleated 
filter cell at a replacement cost which can be 
less than 50¢ per unit, depending on the type 
of media used. 

Whether your operation is in a desert, arctic, 
or temperate region— whether your application 
is process, pumping, or power—AAF has air 
filtration equipment engineered to match your 
requirements! 

Get complete information from your nearby 
AAF representative; or write Mr. Robert Moore, 
American Air Filter Company, Inc., 452 Central 
Avenue, Louisville, Kentucky. 


; ne Aix Litter 


BETTER AIR 
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For more than 25 years Lurgi has been serving the petroleum industry. Lurgi designs and 


constructs plants based on own developments, as well as plants based on processes licensed 
by other European and American companies, either on the basis of delivery contracts or 
engineering contracts. 




















Hydroformer plant of ESSO AG. at Hamburg-Harburg 


Distillation of petroleum, synthesis oils, and tar oils under atmospheric pressure, under vacuum and high vacuum 
Stabilization and redistillation of gasoline and benzole 

Thermal and catalytic cracking processes 

Thermal and catalytic reforming processes for the conversion of heavy naphta into high octane gasoline 
Hydrorefining and hydrodesulphurisation of gas oil, gasoline and benzole 

Electrostatic dehydration and desalting of crude oils 

Refining of lube oils with wax recovery 

Production of synthetic fuels, waxes, hard wax and alcohols 

Absorption of propane-butane and gasoline from gases 

Recovery and processing of liquefied gases (LPG) and pure hydrocarbons by fine fractionation 
Chemical or extractive refining of liquefied gases (LPG), gasoline and diesel oil 


Polymerization of propylene-butylene to produce gasoline 


Cracking of crude oil and light petroleum fractions Gri -v® 


LURGI GESELLSCHAFT FUR MINERALOLTECHNIK MBH i 
FRANKFURT AM MAIN - GERMANY se cieanemaninn diaaae cane 
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Test your industrial IQ with this quiz on 
the current issue of PETROLEUM REFINER 


1. Corrosion. If you were operating 
a fluid coking unit and the burner in- 
ternals started to corrode severely, 
which of the following solutions 
would you choose? (a) inject steam 
and water into the burner, (b) re- 
place internals with 12-Chrome alloy, 
(c) both of these. 

2. Process Analyzers. One big ad- 
vantage of installing process analyzers 
is: (1) increased accuracy of analysis, 
(2) reduced time between sampling 
and results, (3) reduced laboratory 
costs. 

3. Alkylation. Which one of these 
streams within an alkylation unit 
needs to be analyzed the most to 
achieve the greatest economical 
operation? (1) butane-butene feed, 
(2) depropanizer feed, (3) deiso- 
butanizer overhead, (4) debutanizer 
overhead, or (5) outside butanes for 
isobutane recovery. 

4. Catalytic Cracking. A significant 
portion of coke produced in catalytic 
crackers is the direct result of ex- 
traneous metal-catalyzed reactions. 
True or False? 

5. Iso-Paraffins. Detergents _pre- 
pared from branched-chain raw ma- 
terials are destroyed by natural bio- 
logical agents so that they will not 
give rise to persistent foaming during 
waste disposal. True or False? 

6. Waste Water. Will air flotation 
remove the chemical oxygen demand 
of refinery waste water? Yes or No. 
7. Rvp Calculations. Which of 
these items do you need to know to 
predict the Reid vapor pressure of a 
motor fuel blend? (a) actual vapor 
pressure of the blend, (b) actual 
vapor pressure of the components, 
(c) ambient temperature, (d) com- 
position of the blend. 

8. Reflux Rate. Using plate-to- 
plate calculations as a standard, how 
close can reflux rate be correlated 
with actual number of trays for a 
multi-component distillation? (a) 
within 30 percent, (b) within 15 per- 
cent, (c) within 5 percent. 
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9. Extraction, The recovery of ex- 
tract product from some liquid ex- 
traction processes can be achieved 
without using distillation for the 
separation between extract and sol- 
vent. However, the process then con- 
sumes more heat. True or False? 

10. Process Drums. Which of these 
factors is most often responsible for 
elevating process drums? (a) pump 
npsh, (b) flow control, (c) less 
piping. 


11. Polyacrylonitrile. Which of 


these advantages for continuous poly- | 
merization of acrylonitrile over batch | 


polymerization would you select as 


being most important? (1) faster | 
polymerization rates, (2) higher poly- | 
mer yields, (3) lower water retention | 


of slurry. 


12, Pumps. When selecting a proc- 


ess pump for a plant located near a 
parts supplier, but where power costs 
are high, should you choose one with 
a high or low efficiency? Would the 
answer be the same if power costs 


were low, but the plant needed to | 


stock a large number of spare parts? 
13. Exchanger Design. Which of 


the following flow velocities is used | 
by most well known methods of rat- | 


ing baffled flow heat exchangers? (a) 
actual baffled flow velocities, (b) em- 
pirically selected velocities. 


14. Cat Cracker Feeds. If you | 


have a choice of two cat cracker 
feeds, the one having the highest 
average boiling point will usually give 


the higher gasoline yield at constant | 


reactor condition. True or False? 


15. Gas Laws. Because ethylene is | 
an unsaturated hydrocarbon there | 
should be a wide deviation from ideal | 
gas laws at low pressures. True or | 


False? 


16. Material Balances. It is easier 

to calculate recycle material balances | 
in multi-component systems by re- | 
ferring to each single component that | 


is separated from the flowing stream. 
True or False? 


Answers on Next Page... 


THE ELECTRICAL TESTER 
by MULTI-AMFP 


MULTI-AMP 
TEST 
SYSTEMS PROVIDE 
CONTINUOUS 
POWER FOR 
CONTINUOUS 
PRODUCTION 





MULTI-AMP Div. Multi-Amp Electronic Corp. 








HUMBLE CURBS 
ELECTRICAL 
HAZARDS 
WITH BREAKER 
TEST PROGRAM 


Operational upsets and down- 
time have been cut to a min- 
imum at Humble’s Bayway 
Refinery, Linden, New Jersey, 
through the use of a planned 
circuit breaker maintenance 
program aimed at checking 
the tripping characteristics 
of breakers at each of the 
refinery’s substations. 


The job is being handled safe- 
ly, rapidly and economically 
with a MULTI - AMP tester 
having an output transformer 
with a variable cross-section 
multi-tap secondary to pro- 
vide up to 6,000 amperes at 
2.5 volts with an input of 480 
volts. The tester has a built-in 
timer which indicates the 
breaker trip time in seconds 
and cycles. 


For the full story of Humble’s 
breaker maintenance program 
read the technical article by 
Maintenance Engineer Henry 
S. Orth. You will find it in 
Volume 3, No. 1 of our publi- 
cation, The Electrical Tester. 


MA .-104 


Free copy on request. Call or write 
MULTI-AMP Division, MULTI-AMP 
ELECTRONIC CORP., 465F Lehigh 
Avenue, Union, N. J. — MU 8-7112 





For more data on advertised products, use Readers’ Service Cards, last page. 21 





L&N’s Panel-Mounted 
pH Indicator 


You make just one initial calibration 
setting on this drift-free L&@N pH 
Indicator! Because it’s completely 
unaffected by electrical pick-up and 
a-c surges, settings remain “locked- 
in” after adjustment. 

Other features include: 

Moisture Protected — controls are 
chassis mounted behind a completely 
gasketed door. 

Readability—clear, broad scale cov- 
ers 0 to 14 pH range. 
Serviceability — maximum use of 
plug-in components which can be in- 
expensively replaced. 

Die-Cast Aluminum Case — only 12” 
ii 2 1t". 

Price — $495 f.o.b. Phila. or North 
Wales, Pa. (subject to change with- 
out notice). Specify List No. 7678 
when ordering from Leeds & 
Northrup Co., 4923 Stenton Ave., 
Phila. 44, Pa. 


HEE) 
LEEDS . 
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Automatic Controls « Furnaces 
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Answers to questions 
on page 21 


1. (a) and (b). Both worked to re- 
duce corrosion in the fluid coker, but 
because injecting steam and water is 
costly, economics suggest replacing 
the internals with 12-Chrome steel. 
For the details, see “Alloy Stops Cor- 
rosion in Fluid Coker,” page 149. 


2. (2) See 
getting more process analyzers justified 
for their units by turning to ‘First 
Study Analyzers in Mobile Unit,” 
page 159. 


how Sohio goes about 


3. (3) In the past, refiners have paid 
out chromatography on an alkylation 
unit by watching only the spent 
butane Now an installation 
which analyzes all five of the streams 
is described in ‘‘Chromatograph 
Pays Its Way on Alky,” starting on 
page 163. 


stream. 


4. True. To estimate the amount of 
coke which will be formed, see “Pre- 
dict Poisoning Effects of Metals,” 
page 168. 


5. False. That is why normal paraf- 
fins are good for detergent produc- 
tion. For one way to recover heavy 
normal paraffins for this and other 
petrochemical uses, see “A Way to 
Get Heavy Normal Paraffins,”’’ 
page 173. 


6. Yes. As much as 80 percent of 
waste water chemical oxygen demand 
is removed. Tests show that it may be 
increased to as much as 92 percent. 
Removal of COD due to dissolved 
material may be increased from 20 to 
35 percent, while oil and other sus- 
pended matter removal is also im- 
proved. For the details, see “Will Air 
Flotation Remove the Chemical Oxy- 
gen Demand of Refinery Waste 


Water ?,” page 177. 


7. (b) and (d). For a detailed dis- 
cussion of the Reid vapor pressure for 
a motor fuel, see ‘““More About Fig- 


uring Rvp of Blends,” page 181. 
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8. Within 5 percent. See how much 
better reflux can be correlated with 
operating trays by the new method 
presented in “Latest Score: Reflux vs. 
Trays,” page 183. 


9. False. Less heat is used because 
vaporization is not required. The new 
process shows how extract product is 
recovered from the solvent by decant- 
ing. See “Find Best Solvent With This 
Chart,” page 189. 


10. Pump npsh. There’s more use- 
ful data on the economics of drum 
location in “‘“How to Arrange Process 
Drums,” page 195. 


11. (c) Because continuously poly- 
merized polyacrylonitrile could be 
used immediately for solution 
spinning without serious dilution of 
the solvent. To find out where other 
advantages fit in, see “Make Poly- 
acrylonitrile Continuously,” page 209. 


12. High efficiency must be balanced 
carefully against other costs. In the 
first case where parts inventory is a 
minimum, the selection should be a 
high-efficiency pump. In the second 
case, with a high inventory required, 
it will be better to use a low-efficiency 
pump, because you cannot pay for 
the high initial cost of high efficiency 
with the power savings. For the de- 
tails, see “Short Cuts to Centrifugal 
Pump Selection,” page 217. 


13. (b). One method which is con- 
sidered most comprehensive uses 
actual the Tinker 
method. Simplified equations and 
nomographs are developed in “Try 
This Simplified Method for Rating 
Baffled Exchangers,” page 221. 


velocities. It is 


14. True. And you can predict other 
product qualities and yields with the 
equations given in “How Feeds Affect 


Cat Cracker Yields,” page 237. 


15. False. But if you need to make 
then 

need the deviation from ideality. For 

these data at pressures, 

“Ethylene Compressibility Factors at 

Low Pressures,” page 245. 


accurate calculations, you will 


low see 


16. True. You can see just how this 
method works, complete with an ex- 
ample, in “Use Fractions for Recycle 
Balances,” page 247. 
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REACTS WITH 
THE STEEL... 


...eliminates underfilm corrosion 


in finished product tanks 


HUMB 


This remarkable new coating bonds 
so perfectly to steel that you cannot dis- 
cover an interface! The reason? Humble 
RUST-BAN 190 reacts chemically with 
the steel. The resulting bond is insepa- 
rable . . . completely eliminating under- 
film corrosion. 

The hard, abrasion-resistant coating 
of 100% inorganic zinc silicate is vir- 
tually impervious to the scraping action 
of floating roofs. RUST-BAN 190 is 
nonflammable, does not contaminate 
even high-purity products. 

When properly applied and cured 
(with its companion RUST-BAN 195) 
RUST-BAN 190 provides many years 
of protection at far lower annual - cost 
than any other type of coating! 

For complete information about 
RUST-BAN 190 and other Humble Pro- 
tective Coatings, call your Humble sales- 
man or contact Humble Oil & Refining 
Company, Houston, Texas. 
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America’s Leading ENergy COmpany 
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Foster Wheeler Heat Engineered products, plants and processes...for the world’s industrial progress. 
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Scale-up the profit 
in your process 


How can a processor scale-up a new process from pilot 
plant to large commercial installation and bring it to profit- 
able operation without a long and costly start-up period? 


The Foster Wheeler method is thoroughness. FW avoids 
or minimizes major stumbling blocks by careful 
attention to detail . . . by thoroughness firmly supported 
by careful organization and solid experience. 


Examples are: the scale-up of a urea plant from 3 to 
260 tons per day; a new FW deasphalting process from 
1 to 10,000 barrels a day and a 300 ton per day 
ammonia plant that exceeded rated capacity 30 days 
after erection. 


Whether for a proven process or scale-up project, FW 
gives you the thoroughness and experience you need— 
in design, engineering and construction—to build your 
process plant ... any capacity ... any process... 
anywhere in the world. Foster Wheeler Corporation, 
666 Fifth Avenue, New York 19, N.Y. 


FOSTER WHEELER 


NEW YORK TORONTO LONDON PARIS MILAN TOKYO 
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Easy, spray-gun application of SPRAYED ““LIMPET’’ ASBESTOS eliminates need for welded studs 
that case, you need fewer studs than ventior t r 


In this recent installation, 200 sq. ft. of 
2” SPRAYED “LIMPET” ASBESTOS® 
went on the surface of this high tem- 
perature forced draft ductwork system 
daily, as compared to a normal rate of 
125 sq. ft. per day for conventional 
block-type insulation, 2” thick. 


As a result, labor costs went down 
sharply. In addition, this blower system 
was placed in operation sooner, with 
savings in production time and costs. 


SPRAYED “LIMPET” ASBESTOS is 
a 100% asbestos, spray-type thermal 
insulation material. It provides a per- 
manent fit, impervious to temperature 
changes. Faithfully follows the con- 
tours of any surface. Forms a con- 
tinuous, seamless blanket that expands 
and contracts with the insulated sur- 
face. Once applied, SPRAYED 


witt a k insulat 


“LIMPET” ASBESTOS stands up to 
severe vibration, mechanical shock, 
and Hot Face temperatures up to 
1350 F. Also, there’s no shakedown 
with time. No flaking, shot fallout, or 
deterioration. 


SPRAYED “LIMPET” ASBESTOS 
eliminates joints, bands, fastening 
wires, cutting, mitering, fitting, or stuff- 
ing. You may use corner bead for the 
sake of appearance, if you desire. 


Versatile SPRAYED “LIMPET” 
ASBESTOS performs a number of 
other jobs simultaneously: fire protec- 
tion, noise reduction, condensation 
control, and corrosion prevention. 


For more information, write to: 
Keasbey & Mattison Company, 
Ambler, Pa., Dept. 1-251. 
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metal expansion is a factor. In 


Fast and easy installation of SPRAYED “LIMPET”’ ASBES- 
TOS is no problem, even in cluttered working areas, and on 
rr ar shapes and hard-to-get-at surfaces 


easpey 


altison 
at Amibiller 
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Durable tank paints that keep uniform color 


That’s what you get when you specify paints made with 
M5O' Basic Lead Silico Chromate pigment. 


Paints made with M50® Basic Lead 
Silico Chromate pigment not only pro- 
tect metal, but have remarkable resist- 
ance to chalking and fading in harsh 
industrial atmospheres that threaten 
color uniformity. They provide “De- 
fense-in-Depth” against corrosion. 


And Basic Lead Silico Chromate can be 
tinted in an unusually wide range of 
colors—bright hues, soft pastels and 


other combinations — that can convert 
your tanks and installations into attrac- 
tive outdoor “advertisements” for you. 


Next time you buy paint for decorative 
metal protection, specify paints made 
with M50 Basic Lead Silico Chromate 
—the pigment that offers primer-protec- 
tion in every coat, plus durability, uni- 
form resistance to weathering and wide 
color range. 





Typical M50 
pigment paint 


Typical standard 
specification paint 


Test panels after being ex- 
posed for 18 months in an 
industrial atmosphere. 


® 
i Piguett....A Devilepneat. of INI ational Be cad ee 


General Offices: 111 Broadway, New York 6, N.Y. 
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concentrate 


because threads are continuous in Bethlehem studs 


Why continuous threads mean long life at low cost: 
This Bethlehem continuous-thread stud has no point of 
thread run-out, making it impossible for stresses to 
concentrate at any specific area. Instead, stresses tend to be 
distributed over the stud’s full working length. Long service 
life, low maintenance, and reduced cost are the obvious 
results when you use Bethlehem continuous-thread studs. 
Bethlehem makes a special nut for every application: 
For use with Bethlehem continuous-thread studs, choose 
from these four grades of specially engineered nuts: 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Sales: Bethlehem Steel Export Corporation 


for Strength 
.. - Economy 
. Versatility 


Grade 2—moderately high temperatures and pressures 

Grade 2H—higher temperatures and pressures 

Grade 4—severe temperatures and pressures 

Grade 4L—low temperatures 

Each nut meets ASTM Specification A-194. And each 
comes in the full size range. 

Bethlehem continuous-thread studs and quenched nuts 
are available for a wide variety of refinery applications. For 
more information call the nearest Bethlehem sales office, 


or write to us at Bethlehem, Pa. 
ETHUEHEM 


STEEL 


BETHLEHEM STEEL 
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Announcing 


D ETOL The new HOUDRY DETOL PROCESS for benzene production 
through catalytic dealkylation of toluene and/or xylenes 

m DETOL offers fullest development of advantages inherent in 

dealkylation of alkyl aromatics by use of a catalyst... high con- 

versions per pass, accompanied by high selectivity, minimum Write for 


loss to undesirable by-products. Benzene yield in reactor effluent 


process 
is 96.5 mol percent or better of fresh toluene charge. 


——=—}|_ description 


w Benzene produced will meet acid wash and corrosion tests, *r | 


will have freeze point of 5.4°C. or better. } ) 
mw DETOL process also converts non-aromatics and organic sul- | | 

fur compounds—if present in feed—to light hydrocarbons and 
hydrogen sulfide. 


' ean PROCESS CORPORATION 
mw Equipment required is simple, easy to operate and control. 1528 Walnut Street, Philadelphia 2, Pa. 


Operating cost—per gallon of charge stock processed—is low. *Houdry means Progress. ..through Catalysis 
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MODERNIZE YOUR 








TANK FARM NOW 


with the new Varec All-Weather Breather Valve that 





works perfectly in -60° winters and +125° summers. 


Here’s all-weather performance that’s been proven 
through two full years of Eastern Canada’s rough- 
est climate ...frigid winters... hot, humid summers. 
Yet never once did Varec’s rugged new Fig. 2000-61 
ALL-WEATHER Breather Valve fail to operate per- 
fectly. What’s more, this petro-chemical plant can 
look forward to the continuation of this 100% 
performance for many tough seasons to come. 


By modernizing your tanks with this new Varec 
ALL-WEATHER Breather Valve, you are now 
assured of tank safety and vapor saving efficiency 
the year around. 


NEW FIG. 2000-61 MODEL... 
TWO-WAY PROTECTION AGAINST FREEZE-UP. 
Here’s how Varec engineers have solved the cold- 
weather problem: First, both pressure and vacuum 
pallets utilize a flexible diaphragm of special non- 
frosting, icing-resistant material. This eliminates 
possible freezing between pallet and seat ring. 


Second, a special non-frosting, icing-resistant com- 
pound is used to coat the pallet perimeter and stem, 
guide-posts and tip of seat ring. Ice and snow scrape 
free when the pallet lifts. 


For complete information on the 


Varec Fig. 2000-61 ALL-WEATHER Breather Valve, 
write for Varec Bulletin No. CP-2701, Dept. 


PR-1500-1. 


THE VAPOR RECOVERY SYSTEMS COMPANY 


2820 North Alameda Street - 


Branches and Representatives in Principal Cities 


TRADE @® MARK 
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New from DuPont: Protective Finishes Formulated 


Specifically to Combat Severe Corrosive Conditions 





(T.M.) 


IMLAR 


Vinylmastic Coatings and Vinyl Enamels 


DuPont announces a new line of chemical-resistant 
coatings to help you hold down spiralling maintenance 
costs by providing dependable, long-term protection 
under corrosive conditions that cause ordinary main- 
tenance paints to fail rapidly. 


ideal for Severe Acid Conditions 


IMuLaR Vinylmastic Coatings and Vinyl Enamels 
possess extraordinary resistance to spillage, fumes and 
vapors from highly corrosive acids and alkalies—includ- 
ing sulfuric and nitric acid, sodium chloride, ammonia 
and lime. They also withstand persistent condensate. 
water immersion and salt spray, have excellent resist- 
ance to radiation decontaminating solutions, are un- 
affected by surface temperatures up to 150° F. 


For Indoor or Outdoor Applications 


Ready-mixed IMLAR coatings are recommended for 
field or maintenance painting of any steel or concrete 
surface subject to highly corrosive conditions. They 
can be used indoors as well as out, on buildings, struc- 
tural steel, heavy machinery, bins, hoppers, tank or 
vat interiors and exteriors. Applied in three stages— 
primer, intermediate and topcoat—they dry quickly 
to a thick, hard, semi-gloss finish with excellent co- 
hesion and flexibility, superior distensibility and abra- 
sion resistance. 


Relatively non-toxic, IMLAR coatings are easy to 
apply with conventional spraying equipment. Proper 
surface preparation (preferably sandblasting) is a 
must. Topcoats come in red or gray as well as black 
and white. Typical industrial applications for IMLAR 
include bleacheries, paper mills, chemical and petro- 
leum plants. 
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For areas with severe alkali conditions, use new 
Du Pont Cortar™) Epoxy Chemical-Resistant 
Finishes. They offer excellent resistance to chemical 
fumes, spills and moisture. 


For recommendations concerning your own specific 
corrosion problems, get the expert advice of your local 
Du Pont Technical Representative. To reach him, call 
your nearest DuPont District Sales Office, listed in 
your phone book. For more detailed information about 
these new finishes, clip and mail the coupon below. 


Clip and Mail the Coupon Today 
for FREE Du Pont Technical Bulletin! 


E. |. du Pont de Nemours & Co. (inc.) 
Finishes Division, Department PR-15 
Wilmington 98, Delaware 


Please send me, without obligation: 
[1 The Du Pont Technical Bulletin, ‘“‘IMLAR Viny! Coatings.” 
[] The Du Pont Technical Bulletin, ‘‘CORLAR Epoxy Chemical-Resistant Finishes.” 


ee 
Firm__ 
Street 


ee Zone State 


IMLAR“™ 


Chemical-Resistant Coatings 


REG. u 5. pat. OFF 


Better Things for Better Living . .. through Chemistry 
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MAKING 
GIASSLINED 


ia ‘ei 
Ul M EN HE MAY BE HERE in your plant, conducting a popular Glascote 
seminar and training course on the care and maintenance of 


glass-lined equipment. in fact, Jack Kilroy traveled over 
10,000 miles in one busy week assisting processors in main- 
taining continuous operations. 
Nobody makes glass-lined equipment better 
than Glascote. But to get the most out of any 
good product — expert installation and main- 
tenance care are vitally important. 
You deserve the long-life, trouble-free per- 
formance that’s built into all Glascote equip- 
ment. That’s why Glascote has experts like 
Jack Kilroy at your beck and call. At your plant 
when a reactor is being installed .. . at your 
plant to instruct your men in correct Glas- 
cote maintenance procedure .. . at your plant, 
and fast, should any unusual servicing be 
required. In short, at your service whenever 
and wherever you need it. 


OR HERE getting you out of a downtime bind. When a leaky 
gasket caused nozzle trouble, help was needed fast. Kilroy 
came on the doub!e — actually rebuilt the nozzle right on 
site. Signed, sealed and repaired on time. 

Through res OS . @ better way 


AO Smith 


Be 
reese, 
GLASCOTE PRODUCTS, INC. 
Cleveland 17, Ohio 


World's largest manufacturer of 
glass-protected steel products 


2 


Glass-Lined 


Glass-Lined Glass-Lined Heat Exchanger Glass-Lined Glass-Lined Glass-Lined Pipe 
Columns Storage Tanks Tubes Oryer-Blenders Reactors and Fittings 
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CRANE’S NEW CONVERTO-GEAR OPERATOR > 


gives you torque enough to tame a 
torrent. In a matter of minutes, you 
can power up a wide range of Crane 
iron and steel gate valves: OS&Y’s 
with ball-bearing or split yokes, ris- 
ing and non-rising stem types with 
stems up to 22-inch diameter. 
Take your choice of two styles— 
horizontal or vertical wheel—both 
with spiral-cut bevel gears of car- 
burized alloy steel yielding a 4.11 to 
1 ratio in manual operation, or with 
portable air or electric power. 
Mechanical efficiency is over 95%, 
with three sets of ball bearings to cut 


34 


friction, and the entire self-lubricat- 
ing unit is rugged and weatherproof. 

The kit is complete, for simple 
installation in less than 30 minutes— 
or your Crane Distributor can take 
your order now for new valves 
already fitted with the power-packed 
Converto-Gear Operator. 

For complete details contact 
your Crane Distributor or write 
Crane Co., Industrial Products 
Group, 4100 S. Kedzie Ave., Chi- 
cago 32, Ill. In Canada, Crane, 
Ltd., 1700 Beaver Hall Square, 
Montreal. 


For more data on advertised products, use Readers’ Service Cards, last page. 


at the 
heart 
of home and 
industry 


@ CRANE 


valves 
piping * electronic controls 
plumbing and heating 
air conditioning 
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“SIMPLY 
DO THIS! 


One easily assem- 
bied, self-aligning 
split sleeve coup- 
ling connects drive 
shaft and stirrer 
shaft. 


1) 


Release sleeve col- 
lar set screws. 
Remove 1 of split 
sleeve coupling. 


@ 


Relieve shaft weight 
and remove remain- 
ing coupling half. 


© 


Lower shaft on to 
support. 


y mF 
Remove adjusting 


screw from opening. 


6. 


Unboit and remove 
seal assembly. 
Reverse procedure 
to replace seal! 


CUT 
MAINTENANCE COST 


New Nettco Mechanical Seal Change 
Eliminates Costly Downtime 


_ 
= 


a 
See 
nme 
i ti | —— 
ae 


Patent Pending 


A few turns of a wrench . . . and Nettco seal assemblies 
on tank top mixers can be changed quickly, efficiently . 
regardless of mixer size. Costly downtime eliminated! Design 
simplicity reduces initial cost! No special skills or equipment 
required! 


DESIGN FEATURES 
e@ No overhead lifting device required. Result: minimum 
overhead space needed . . . reduced maintenance labor and 
less downtime. 
Compact design with minimum distance between seals 
and drive bearings. Result: less shaft flexing at seals. . . 
reduced seal wear. 
Coupling jacks eliminated. Result: no working in 
cramped areas. 
No dismantling mixer . . . drive bearing untouched. Result: 
easier, faster seal maintenance . . . no bearing readjust- 
ment problems. 
Nettco’s Seal Replacement is easiest ever. For complete 
details, write for Bulletin 601 on your company letterhead 
Nettco Corporation, 81 Tileston St., Everett 49, Mass. 


ETTCOoO 


ENGINEERED AGITATION SPECIALISTS 
EVERETT 49, MASSACHUSETTS 





A MAJOR BREAKTHROUGH FOR ON-SITE” PROCESS LINES 


amesbury 


"Pouble - Seal” 
TYPE DZ 


FIRE*SAFE 
BALL VALVES’ 


*PATENTED 





Meet all relevant API specifications 


Now in use in refineries, petrochemical 
and natural gasoline plants in on-site 
hydrocarbon service at temperatures 
below 450°F. 


In the event of the loss of primary soft seats, 
a secondary metal seat provides completely 
effective shut-off of fluid flow. 


SIZE RANGE 
Type DZ FIRE SAFE Ball Valves 
~ Threaded End: 14” through 2” 
Flanged: 150# series 2” through 12” 
300# series 12” through 12” short pattern 
we oe * . ” ” 
y ee . 300# series 2” through 8” standard pattern 
Z Bird : *10” and 12” on application 
SSS *600# series on application 
ei ome h 
RS é oe TEMPERATURES AND PRESSURES 
re aypire 
4 4 From — 300°F to 450°F 
Differentials dependent on seat material and selection. 
Consult factory for specific applications. 


*Where flamability in off-site piping is not a factor the 
standard range of threaded and flanged Jamesbury 


“Double-Seal” Ball Valves is available. JAM ESBU RW CORP. 


** On-site — within battery limits 90 New Street 
Off-site — outside battery limits 
i Technical literature Worcester, Mass. 
on request Distributors in Principal Cities 
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INDUSTRY'S 


MAGIC WHEEL 


This is an open radial impeller . . . the 
heart of the Elliott H-line centrifugal 
compressor. The H-line compressor will 
= do more work @ handle more gases 
@ serve more applications than any 
conventional design. It permits 
dramatic reduction in compressor 
size and weight, facilitates 
Iso-cooling, and extends the 
advantages of centrifugal 
compressors into entirely 

new fields of 
application. (o 

ELLIOTT 


Company 





PUTTING 

INDUSTRY'S 
MAGIC WHEEL 
TO WORK 


EXAMPLE: 
a process gas compressor 


This is a single-stage H-line compressor, 
with open radial impeller. Casing dia- 
meter, 34 inches; total weight, 1020 
pounds, capacity 3000 icfm. A conven- 
tional centrifugal to do the same job 
would be a 3-stage unit weighing about 
9000 pounds. 

Because corrosive gases will be han- 
died, outer casing and all internal parts 
are made of stainless steels. This is 
economically feasible with Elliott H-line 
compressors due to their extremely 
small size and resulting light weight. 


ELLIO THE MOST COMPLETE LINE OF 


INTEGRATED COMPRESSOR 
& DRIVER UNITS sos.c0s tn 





om 


&, 


f 
¢ 


The one-piece, radial-bladed impeller 
has no cover or shroud member to 
create bending and hoop stresses. 

Elliott H-line compressors include a 
wide variety of sizes and capacities, 
from 300 to 40,000 icfm. 

The dependability of these compres- 


- 


sors is proved by many years of operat- 
ing experience with thousands of Elliott 
machines of similar design. 

For specific information, call your 
Elliott district office, or write Compres- 
sor Department, Elliott Company, Jean- 
nette, Pennsylvania. 


ELLIOTT COMPANY 


GENERAL OFFICES: JEANNETTE, PA 


PLANTS AT: Jeannette and Ridgway. Pa., Springfield, Ohio 


TURBINES + GENERATORS + MOTORS +» COMPRESSORS > 
TURBOCHARGERS + EJECTORS + STRAINERS +» TUBE CLEANERS 


Pl-1 








Minimum heat loss in transit 


Caposite pure Amosite Asbestos moulded insulation is a material 

with extremely low heat transmission and great mechanical strength. 
It is cheap, light and very clean, and, though quickly applied, stays put 
permanently. That is why Caposite fulfills every insulation 
requirement in petroleum refineries and other plant where relatively 


slight heat loss could be critical. 


au 
2FQ\ 
“ANMNAR) 


AMOSITE ASBESTOS INSULATION 


Cape Insulation and Asbestos Products Ltd. 4 subsidiary of The Cape Asbestos Company Ltd. 
114 & 116 Park Street, London, W.1. Tel: GROsvenor 6022 Cables: Incorrupt, London 


Enquiries to the above address or to: Cape Asbestos (Canada) Ltd., 200 Bloor St. East, Toronto, Ontario, Capamianto SpA via Sant’ Antonino 57, Turin, Italy 
TA 5110 
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COMPLETE ADAPTABILITY... 
BRODIE Series 500 Control Valves 


Photo shows a pump installation serving a BiRotor-equipped 
loading rack on the waterfront. Brodie strainers are shown 
on the pump inlets and Series 500 Valves on the discharge. 


INSURE MAAIMAL 


FIRE SAFETY 


The adaptability of the Brodie Series 500 Con- 
trol valve is ideal for automatic emergency fire 
control and remote operation — with solenoid 
operated pilot or with hydraulic, air or gas 
operated pilots. For fire safety, these versatile 


valves can be circuited into grounding systems. 
If grounding continuity is broken, the valve will 
close and pumps will stop. 


To eliminate the hazards of fragile external 
piping, the Series 500 Valves use Brodie's 
fully self-contained, internal porting of integral 
pilots. 

In addition these valves serve a dual purpose 
as check valves, keeping lines packed during 
idle periods. For full details, write for Bulletin 
668 — today. 


REPRESENTATIVES WITH STOCKS AND SERVICE FACILITIES IN ALL PRINCIPAL CiTIes 
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Photographed at OX Sunray Oi! Company, (Tulsa Refinery) 


For a higher yield per dollar—Aerocat Triple A 


Why more and more refineries are increasing 
efficiency and cutting costs with this 25% 
Alumina Catalyst. AEROCAT TRIPLE A® Cracking 
Catalyst, the first commercially successful 25% alum- 
ina catalyst, is still setting records. Its combination 
of extremely high activity and unusual stability pro- 
vide premium cracking efficiency, high equilibrium 
activity, increased conversion at lower temperatures, 
or (compared to conventional, low alumina catalysts) 
reduced catalyst usage at severity levels. 

Yet, with all its efficiency, AEROCAT TRIPLE A can 
actually save you money, compared to other synthetics 
of comparable performance—particularly where low 


AMERICAN CYANAMID COMPANY «+ 


REFINERY CHEMICALS DEPARTMENT 


catalyst turnover is possible. It yields more gasoline; 
it measurably increases octane rating, and with no 
increase in stack losses of the catalyst itself. The in- 
creased output takes place at the expense of a lower 
dry gas yield. 

Isn’t it time you investigated what AEROCAT TRIPLE A 
can do for you? Your Cyanamid salesman—“The Man 
with the Golden Rule’’—will be glad to cooperate, for 
sharing his skill and experience with refiners is a 
most important part of his job. Why not call him now ? 


Basic in catalyst chemistry 


30 Rockefeller Plaza, New York 20, New York 























Another Cooper-Bessemer centrifugal goes to work 


Here’s proof of 
compressor economy 


When your plans call for centrifugal compressors, it will pay 
you to be guided by the experience of others. Take a tip from 
the repeat order record of Cooper-Bessemer centrifugals as 
a sure sign of cost-saving performance. 
The Cooper-Bessemer centrifugal shown here is being 
shipped to a chemical manufacturer for big volume compres- 
sion. They know how reliable C-B centrifugals really are. 
Another unit has been operating there ’round-the-clock for 
two years, as part of a process, where 
constant availability is a must. 
Repeat orders for Cooper-Bessemer 
centrifugal compressors have come 
time and again from many progressive 
companies, 
Many features account for the stamina 
and dependability of Cooper- Bessemer 
centrifugal compressors—such as their 
rugged all-welded impellers, and unique 
shaft sealing. Find out how they can pay a 
off for you. Call our nearest office or write _‘Semies BS Centrifugal Compressor 


BRANCH OFFICES: Grove City «© New York ® Washington * Gloucester ¢ Pittsburgh 
Mount Vernon ¢ Detroit * Chicago *¢ Minneapolis * St. Louis * Kansas City * Tulsa 
New Orleans ¢ Shreveport * Houston * Greggton * Dallas * Odessa * Pampa 
Casper + Seattle « San Francisco + Los Angeles 

SUBSIDIARIES AND DIVISIONS: Cooper-Bessemer International . .. New York 
Cooper- Bessemer, S.A... . Chur, Switzerland « The Hague, Netherlands * Mexico City 
Buenos Aires, Argentina * Anaco, Venezuela * Caracas, Venezuela * San Juan, Puerto Rico 
Cooper- Bessemer of Canada, Ltd. ... Edmonton ¢ Calgary ¢ Toronto ¢ Halifax « Stratford 
The Rotor Tool Company . . . Cleveland 


C-B Southern, Inc. .... Houston 


GENERAL OFFICES: MOUNT VERNON, OHIO 


COMPRESSORS: RECIPROCATING AND CENTRIFUGAL 
ENGINES: GAS - DIESEL - GAS-O1ESEL 
JET-POWERED GAS TURBINES 





PENNSALT SERVICE sez you oe 
PROVED SAVINGS 


in HYDROFLUORIC ACID alkylation 


Have you looked at all the economic advantages of alkylation 
with hydrofluoric acid? Pennsalt’s pioneering and specialization 
in AHF can help you realize big savings in your alkylation 
process: 1 Lower catalyst cost ... 2 Elimination of spent acid 
problems ...3 Reduced acid inventory ...4 Lower cooling 
expense .. . 5 Shorter reaction time . . . 6 Faster catalyst 
settling ... 7 Minimum side reaction products. 


Pennsalt’s expert technical aid will show you 
how to use and handle AHF safely and with 
confidence. We’ll advise you on storage. . . 

on the selection of valves, pumps, piping 


and materials of construction... help 

you with employee training pro- 

grams... give you personalized 

technical assistance tailored 

to your needs. Talk it over New HF Handling 
with your Pennsalt repre- and Gate Sook 


sentative, or write for . includes 


full information. 


engineering 
moe ae, data, handling 
hydrofluorie and storage in- 
formation. 
_| Write for Bul- 

letin S-148. 














F 
See our complete listing in Chemical Materials Catalog 


Industrial Chemicals Division Pen nsalt 


SALES OFFICES: ATLANTA ® CHICAGC @ DETROIT © NEW YORK 
PHILADELPHIA ® PITTSBURGH ® ST. LOUIS ® APPLETON 


ca Chemicals 


. £ c 
INDUSTRIAL QUIMICA PENNSALT, MEXICO CITY ESTABLISHED 185 
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Like any original...it cannot be duplicated! 


Regardless of claims, there’s only one TARSET . . . the 
original coal tar-epoxy resin coating. No other coal tar- 
epoxy resin coating duplicates the Tarset formula, 
and it has not been made available to any other coating 
manufacturer. No other coal tar-epoxy coating com- 
bines the proven adhesion characteristics, chemical 
resistance and low moisture absorption properties of 
coal tar pitch with the hardness, ruggedness and chemi- 
cal resistance characteristics of epoxy resins, like Pitt 
Chem TARSET. 

Here are a few advantages of TARSET over other coat- 
ings of its type: 


1. Only Tarset is backed with a six-year service record. 
2. Only Tarset has established so outstanding a per- 
formance record. 
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3. Only TARset is approved by governmental and in- 
dustrial agencies. 


If you have a corrosion problem that seems unsolv- 
able, investigate TARSET’s proven advantages. Contact 
your nearest Pitt Chem Industrial Distributor . . . he’s 
listed in the “Yellow Pages.”’ 


PROTECTIVE COATINGS DIVISION 


PITTSBURGH 
CHEMICAL CO. 


GRANT BUILDING PITTSBURGH 19, PA. 


A Subsidiary of PITTSBURGH COKE & CHEMICAL CO. 


For more data on advertised products, use Readers’ Service Cards, last page 45 











SEAMLESS STEEL 


WELDING 
FITTINGS 


S & L fittings are manufactured to the appropriate ASTM 
and ASA specifications and are certified accordingly by 
surveyors of Lloyds Register of Shipping. 


They are backed by the resources and experience of one of 
the world’s leading pipe manufacturers —the first to be 
licensed by the American Petroleum Institute to apply the 
API monogram to oil country tubular goods. 


The Company mines iron ore and produces the steel from 
which its pipes are manufactured. It is thus able to exercise 
detailed quality control during all stages of manufacture 
from the raw material to finished product. 


S&L fittings are specified by the major oil companies 
operating throughout the world. 


Specify S & L for your next project. 


STEWARTS AND LLOYDS LIMITED 


For more data on edvertised products, use Readers’ Service Cards, last page. 


‘O’ Department, 
8 Gough Square, Fleet St., 


London, E.C.4, England. 
Cable: Lapweld London Telex 
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“Tell us, Mr. Schwarting...” 


How well does J&L Electricweld basic oxygen steel heat 


33 


exchanger tubing perform day after day on the job? 


This is an important question. There are 23 miles of heat 
exchanger tubing in the giant soda ash plant of Solvay 
Process Division, Allied Chemical Corporation, in Syra- 
cuse, N.Y. 


Let one of Solvay’s top chemical engineers, Nathan 


Schwarting, answer the question: 


“J&L Electricweld basic oxygen steel tubing gives us 


32 


superior corrosion resistance... 


“Electricweld basic oxygen tubing is easy to install, easy 


to weld and form... 


“The temperature shocks that make some steels separate 


and pull apart do not seem to affect J & L tubing... 


“The uniformly high quality of J&L pressure tubing insures 
against blisters, or pitting, that form around surface 


imperfections in tubing... 


31 


“It's apparent that all along the line there are J&L 


workmen who take pains with what they do...” 


Experiences of Solvay Process engineers show that J&L 
Electricweld pressure tubing, made from basic oxygen 


process steel, has longer life than common materials. 


Perhaps J&L open hearth aluminum-killed special sound- 
ness quality steel or basic oxygen steel pressure tubing can 


help you solve heat exchanger or condenser maintenance 


ele) 


problems, too. Your J&L sales representative is ready to 


help—or you ¢an write direct to J&L. 


Jones & Laughlin Steel Corporation 
ELECTRICWELD TUBE DIVISION 
3 Gateway Center : Pittsburgh 30, Pennsylvania 


STEEL 


This Steelmark identifies 
quality products made of steel. 
Look for it when you buy. 





when you need 


CAUSTIC FAST 


... call 


& FMC F/RST/ 


the time we save may be your own 


With one of the biggest electrolytic caustic-chlorine plants 

in the industrial east . . . situated for fast access to railway 
mainlines, waterways and highways . .. we can give you superior 
service on both NaOH and KOH. 


Since we frequently supply many customers faster than producers 
who are closer as the crow flies, we may be able to save as much 
time from order-to-delivery for you, too. 


To find out, call us first the next time you need quick service 
on a spot shipment. 


CAUSTIC SODA. 


Putting 4tdeas to Work 


FOOD MACHINERY AND CHEMICAL CORPORATION 
Chior-Alkali Division 


General Sales Offices: 
161 E. 42nd STREET, NEW YORK 17 


For more data on advertised products, use Readers’ Service Cards, last page. PETROLEUM REFINER—YV ol. 40, No. a 














Need tubes for heat exchangers, condensers, evaporators, coolers, 


feed-water units? 


PHELPS DODGE =R-BASE ALLOY TUBES have a reputation 
for reliable ‘‘On-Stream’’ Performance! 


@ Wide line of finest quality copper- @ National warehouses, completely 
base alloys for every kind of applica- stocked, in Houston, Beaumont and 
tion need—including bi-metal com- Corpus Christi, Texas, Baton Rouge 
binations. and Lake Charles, La., Tulsa, Los 
Angeles, and South Brunswick, N.J., 
to serve customers coast to coast. 


Specify the best—at the same cost as the rest! 


wm Expert engineers to help you solve 
tube corrosion problems, select the 
exactly correct alloy for your appli- 
cations. 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 


SALES OFFICES: Atlanta, Birmingham, Ala., Cambridge, Mass., Charlotte, Chicago, Cincinnati, Cleveland, Dallas, 
Dayton, Denver, Detroit, Fort Wayne, Greensboro, N. C., Houston, Indianapolis, Jacksonville, Kansas City, Mo., Los Angeles, 
Memphis, Milwaukee, Minneapolis, New Orleans, New York, PhiJadelphia, Pittsburgh, Portland, Ore., Richmond, Rochester, 


N. Y., San Francisco, St. Louis, Seattle, Tampa, Washington, D. C. 
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Oval “overcoat” 
for a problem 


pipeline 


J-M METAL-ON 


in “long-legged”’ form 


cut insulation costs 


for Shell Oil 


A piggy-back steam tracer line made 
insulating asphalt pipelines at Shell 
Oil’s Norco, La., plant a problem. 
Every foot of pipeline—if insulated 
in standard fashion—would have re- 
quired insulation a size larger than 
normal. And there were miles of pipe 
involved. 

Johns-Manville and its contract unit 
in New Orleans, McCarty-Branton, 
Inc., studied the problem and made an 
unusual recommendation. They sug- 
gested using elliptically shaped, 
“long-legged”” Metal-On®, the alumi- 


J OHNS-MANVILLE 


num-jacketed pipe insulation. This 
oval shaped pipe covering fit right 
over the asphalt pipes and the trouble- 
some tracer line—and saved substan- 
tially in the cost of insulation. 

Typically, Johns-Manville had the 
answer for this insulation problem. 
Your insulation jobs, too, will be solved 
best by Johns-Manville. For further 
information, write to J. B. Jobe, Vice- 
President, Johns-Manville, Box 14, 
New York 16, N. Y. In Canada, ad- 
dress Port Credit, Ontario. World- 
wide, cable Johnmanvil. 


)HNS MANVILLE 


JM 


AN INSULATION FOR EVERY COMMERCIAL AND INDUSTRIAL USE spoT 


Close-up of line section showing steam 
supply line and 144” copper tube tracer 
atop main line before it is coated with 
material used to bond it to main pipeline. 


— — SEND FOR FREE SAMPLE — — 4 


Johns-Manville, Box 14 

22 East 40th Street 

New York 16, N. Y. 

Please send me a sample of Metal-On 








TITLE 





COMPANY 





ADDRESS 





CITY 





COUNTY 
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maximum tube life per dollar—Wwhen you buy Timken® seamless steel 
pressure tubing, you receive fine forged quality that is uniform from heat to heat, tube to tube, 
order to order. We target it to your end use. And our metallurgists draw from a background of 
over 40 years’ experience to help you select the one tube that will give you maximum tube life 
per dollar. 

Timken seamless steel tubing is available in carbon, alloy and stainless grades, up to 11” 
0.D. and 344" wall. And there’s a Timken seamless steel pressure tube to meet practically any 
combination of temperature, pressure or corrosion. For help that assures your selection of the 
one tube that will be most economical and perform best for 
you, Call in Timken Company metallurgists. The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, Ohio. 

Cable: ‘‘TIMROSCO’’. Makers of Tapered Roller Bearings, Fine FINE & @ 
Alloy Steel and Removable Rock Bits. ALLOY Ka? 2 


TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 44 CITIES IN THE UNITED STATES 


¥® 
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“Made OF Stainless Steel 
...Made BY Jenkins” 


Valve Performance Shows the Big Difference in that Spec! 


When service conditions require valves of Stainless Steel, 
remember that metal is only part of the answer to long, 
dependable valve performance. 


The WAY valves are made is equally important. Factors 
you can’t even see make a big difference. Such factors as 
perfection of castings ... precision machining . . . pains- 
taking inspection and testing . . . sound design. Most 
important of all: the maker’s guiding policy about quality. 


To be sure about all these critical factors, experienced 
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specifiers and buyers specify JENKINS as well as the 
metal alloy when Stainless Steel valves are needed. It is 
well-known that for almost a century Jenkins has made 
valves to just one standard of quality . . . the highest. At 
Jenkins every operation, every worker is aimed at ful- 
filling that standard, whatever metal a valve is made of. 


SEND FOR NEW CATALOG 59-SS of Jenkins Stainless 
Steel valves in types and alloys to satisfy most needs. 
Jenkins Bros., 100 Park Ave., New York 17. 


VALVES 2 


For more data on advertised products, use Readers’ Service Cards, last page. 
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DwiIGHT PRATER (seated) was born in Sylacauga, Alabama, in 1917. 
He holds a Ph.D. in biophysics from the University of Pennsylvania 
and has been a Mobil employee since 1951. An accomplished oboist, 
Dr. Prater manages the Haddonfield (N.J.) Symphony Orchestra. 






Jim Wel was born in Macao, 30 years ago. He joined Mobil after 


om 

a 
receiving his doctorate in chemical engineering from M.I.T. in 1955. aah 
Dr. Wei is also a classical music enthusiast and plays piano for relaxation, 


a Ry ae a 
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WHAT DOES A 
CHEMICAL REACTION 
LOOK LIKE? 


MATHEMATICAL MODEL of one is shown in this pic- 
A ture. The model represents a reaction that takes 
place in oil refineries every day. 

Using an “off-beat” branch of mathematics, illustrated 
by this three-dimensional model, these Socony Mobil 
scientists have recently made an important breakthrough 
in the field of theoretical physics. They found a way to 
describe exactly what happens to petroleum molecules 
during refining. It formerly took hundreds of expensive 
laboratory experiments to get this information. 

Their discovery allows Mobil to control chemical re- 
actions with precision. As a result, we can now “freeze” 
refinery processes at exactly the proper stage to obtain 
maximum amounts of the products we want most. This 
means better products for Mobil customers. 

These scientists have probed deeply and successfully 
into the foundations of petroleum reactions. The full im- 
plications of their breakthrough extend far beyond the 
specific problems of petroleum refining. Their work has 
given scientists everywhere greater insight and understand- 
ing into a fundamental process of nature. 

Mobil encourages its scientists to give full play to 
their research interests and abilities. Dwight Prater 
points out that “our discovery was in a field in which 
neither one of us specialized at college.” 

Mobil scientists also are free to explore ideas which 
may appear to have little immediate application to the 
company’s operations. Jim Wei notes, however, that 
“many of these investigations pay off handsomely later 
on—for the company and for us.” 

Dr. Prater and Dr. Wei are two of the 1,500 men and 
women engaged in Mobil’s $25,000,000-a-year research 
program—in which imagination is turned into ideas, and 
ideas into better products and processes. 

Probing the far frontiers of science pays off not 
only for Mobil, but for everyone who does business with 
Mobil—customers, employees, licensees, and investors. 


SE ee 


SOCONY MOBIL OIL COMPANY, INC. 
150 E. 42nd Street, New York 17, N. Y. 
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GROoVE 


THE NAME TO KNOW. 
IN REFINERY VALVES 


Proven Double-Barrier Seal. Grove gate valves feature 
a primary metal-to-metal seal plus the sealing and 
squeegee action of protected o-rings to assure positive 
shut-off. 


No Maintenance, No Lubrication. Because Grove 
valves never need lubricants or sealing compounds, 
you completely eliminate these maintenance costs. 


Full Line, Wide Range of Sizes, Operators. From 2” to 36”, 
class 150 to 900. Cylinder, handwheel, bevel gear and 
lever operators. 


Send for Complete Catalog Presentation 


GROVE VALVES 


GROVE VALVE AND REGULATOR COMPANY 
a subsidiary of Walworth 


6529 Hollis Street . Oakland 8, California 





Please send me data on your gate valves for refinery service. 
Name__ 

Company_ 
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Dealing with full scale pressures 
ranging from 6,000 psi to .2” water 
is routine with Hagan. Maintaining 
the desired conditions within 0.1% 
of full scale is equally routine. Ha- 
gan has instrumentation and final 
control elements that can handle 
compressors, exhausters and valves 
from tiny laboratory equipment to 
the 10-ton giants used in wind tun- 
nels. Packaged to handle corrosive 
atmospheres and Division One area 
requirements, they are extremely 
easy to maintain and troubleshoot. 

At one installation where valve 


Z 


position may change as much as 30°, 
a Hagan pressure control system 
is holding pressure within +0.5% 
of full scale . . . despite the fact that 
air flow changes from 0 to 600 lb/sec 
in less than 5 seconds. This system is 
made up of standard Hagan com- 
ponents, demonstrating the range 
and accuracy of the equipment. 
Measuring and regulating all the 
variables that enter into process con- 
trol is a part of Hagan’s forty years 
of experience in the design and man- 
ufacture of instrumentation and con- 
trol elements. Designed for a high 


degree of reliability and accuracy, 
Hagan components are also versatile 
in application; a very desirable char- 
acteristic in relation to inventory and 
stocking problems. For more infor- 
mation on the complete Hagan line 
of electronic, pneumatic and hydrau- 
lic controls, write or telephone 
HaGAN CHEMICALS & CONTROLS, 
Inc., Hagan Center, Pittsburgh 30, 
Pa. Phone WAInut 2-3737. 





Automatic wear take-up pro- 
longs service life. McCannaseal 
top-entry valves feature exclusive 
“wedge-seat” construction that 
does an automatic maintenance 
job. As wear occurs, ball and seats 
continuously are snugged further 
down into the wedge under spring 
pressure. Positive leaktight shut- 
off is assured for the full life of the 
seat material. The corrosion- 
resistant spring is nonflexing and 
nontorsional and has a low-com- 
pression design stress. Service 
lifeis excellent even under severely 
corrosive conditions, 


Patent applied for. 
Built to applicable API 
and ASA standards. 


® 
Fast quarter-turn operation from full- 
( an nasea open to full-close. Screwed, flanged, or, 
socket weld connections 1” to 8" sizes. 
Top-Entry Ball Valves 


... the valves with ‘‘wedge-seat’’ design that 
automatically adjusts for wear 


New catalog gives complete data all types Hills- 

McCanna ball valves, for pressures to 1000 psi, 

temperatures to 600° F, manual or motor-operated. ’ : 

Includes dimensions, materials, Cy values, corrosion- ee -_ 
resistance data—everything required for selection you're back in business in minutes. 
and piping layouts. Send for your copy today. 


*A complete line of ball valves, 4%” through 12” sizes 
for liquids, gases, vacuum... including models 
with high-temperature and fire-safe seats. 








HILLS-MCCANNA COMPANY 


Leaktight stem seal. Double seals are 
under compression at all times—and the 
400 MAPLE AVENUE + CARPENTERSVILLE, ILLINOIS * HAZEL 6-485) higher the line pressure, the tighter the seal. 
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fake NEWIRERM 0 


Test its STRENGTH Test its EASE OF APPLICATION 


NEWTHERM is unusually strong and Undoubtedly, NEWTHERM is one of the easiest of 
rigid—a feature of special importance materials toapply. It is supplied in plastic form and ina 
in the larger, more vulnerable sections. wide range of standard-sized sections and slabs, smoothly 
Put a sample section or slab on part of finished and straight edged for immediate fitting. The 
your plant and prove for yourself its finished job is very neat, with minimum joints, and 
outstanding ability to withstand impact appliers particularly appreciate the handleability of the 
and water damage. See how it with- material — especially in difficult situations. 

stands rough handling in transit and 

erection, minimising breakage in ship- > 

ment and erection by unskilled labour READ ALL ABOUT NEWTHERM 
at the most remote sites. ' in a specially prepared booklet. Sizes, 


compressive strength, thermal conduc- 


tivity,—this and much more useful 
Test its MOISTURE RESISTANCE 


information can be on file if you write 
Even totally immersed in water, ; } for your copy now, to the sole manu- 
NEWTHERM retains much of its : facturers Newalls Insulation Co. Ltd. 
strength and rigidity. It does not become 
deformed when incontact with water, thus 
work-in-progress need not be covered. 
Especially on contracts where weather 
conditions would delay the application 
of insulation— NEWTHERM is the 
material to use. 


Test its LIGHTNESS 


Unusually light for such a high- 
efficiency material, NEWTHERM 
compares favourably in this respect 
with other insulants far inferior in 
strength. That meanseasier handling and 
fewer breakages—even thelargestsection 
is easily carried in one hand. 


NEWALLS (Reg’d Brand) 


NEWTHERM calcium siticate inculation 


. .. for temperatures up to 1400°F. 











NEWALLS INSULATION CO. LTD. 


Head Office: WASHINGTON, CO. DURHAM, ENGLAND. 
A member of the TURNER & NEWALL ORGANISATION 
Offices & Depots at: LONDON, GLASGOW, MANCHESTER, NEWCASTLE 
UPON TYNE, BIRMINGHAM, BELFAST, DUBLIN,BRISTOL & CARDIFF. 
Agents and Vendors in most markets abroad. 
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ii STOCKHAM’S 
WEDGEPLUG 
O-SEAL VALVE 





























TEFLON 
TELL-TALE BLEED 0 aaa 











BUBBLE-TIGHT SHUT-OFF on both the upstream and 
downstream seats is provided by the pressure-sealing 
effect of the two Teflon*“O” rings in the plug. 


FIRESAFE: If Teflon “O” rings are burned out, an effec- 
tive shut-off is made by ground metal to metal seats. 


TELL-TALE BLEED to check valve performance assures 
no product mixing in manifold. 


NON-LUBRICATED — the O-Seal eliminates the high 
Tee Miaetion anaat"ts’ ina cast eS WEDGEPLUG VALVE COMPANY DIVISION 


GUARANTEED not to stick. —y ge) 4 bs A ba 


AVAILABLE THROUGH YOUR LOCAL STOCKHAM DisTRIBUTOR BRAY] .V A" 3-9-7728 dhmal, [et 
Bronze, Cast Iron, Ductile tron, Cast and Forged Steel Valves 
Cast Iron, Malleable and Ductile Iron Pipe Fittings si 
General Offices and Plant 
4001 NORTH 10TH AVENUE, BIRMINGHAM 2, ALA. 





WAYS Howe-Baker Custom-Designed 
ELECTRICAL DESALTING 


Benefits of modern Howe-Baker electrical 
desalting units reach far beyond: the simple 
removal of salt from crude charge stock. In 
fact, many refining experts recommend elec- 
trical desalting, regardless of the initial salt 
content in the crude. The old rule-of-thumb 
that called for electrical desalting only when 
salt content exceeded 20 lbs. per thousand 
barrels of charge stock no longer applies . . . 
Howe-Baker units operating with charge 
stock having no more than 5 lbs. salt per 
thousand barrels of crude are paying out 
satisfactorily. Here are the reasons why: 


MBNcREASED CRUDE CAPACITY 


because thorough water removal increases heat 
transfer rates (water requires about 9 times more 
heat than equal oil volume). Plus capacity gains 
through less downtime needed for cleaning. 


WBRevuceD MAINTENANCE 


costs with Howe-Baker desalting have been estab- 
lished positively with “before-and-after” records. 
Savings occur in cleaning, repairs and replace- 
ment. 


Bi improven CRACKING YIELDS 


because Howe-Baker units remove virtually all 
water-soluble and suspended solids—which include 
a large portion of catalyst-poisoning metals. Ef- 
fective salt removal also prevents salt catalysis 
formation of cokes and tars. 


MBREDUCED CRACKING IN DISTILLATION 


with salt and solids-free charge stock. Less depos- 
its also mean reduced tube failures and fewer hot 
spots in furnaces. 


repucep coRRosioN 


benefits alone can save 0.6¢/bbl. of throughput. 
Salt, hydrolyzed to HCL in untreated stocks, 
creates critical corrosion conditicns which are 
eliminated with efficient Howe-Baker desalting. 


BBA INCREASED TANK CAPACITY 


is achieved with Howe-Baker desalting because 
thorough removal of BS&W makes possible the 
lowering of crude suction lines to the tank bottom, 
and eliminates tank cleaning. From 2 to 8% of 
tank capacity is usually gained by this removal 
of BS&W. 
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--- And HOWE-BAKER 
Follow-Through Assures 
These Pay-Out Results 


Howe-Baker not only custom designs electrical desalting 
units to fit the specific requirements of your refinery, but fol- 
lows through from plant layout to operator instruction to 
assure the results you expect—and get—from Howe-Baker 
equipment. These services include: Detail and assembly 
drawings and specifications of all equipment. Availability of 
a qualified engineer to discuss any technical aspects of Howe- 
Baker processes, and to assist in plant layout. Operating and 
maintenance manuals prepared and supplied in quantities 
needed. Engineering supervision of assembly of Howe-Baker 
equipment; and assistance to assure proper installation of 
auxiliary equipment. An engineer-instructor to give operat- 
ing, technical and maintenance personnel thorough grounding 
in proper methods of operating and maintaining the plant; 
and to assist in initial startup of the unit. Follow-up visits by 
an engineer to check operation, and to assist in solving any 
technical problems that might arise. 

If you are planning a new refinery—or anticipate modern- 
izing existing facilities—now is the time to ask Howe-Baker 
for details on custom-designed electrical desalting that will 
help you achieve highest standards of operating efficiency. 
Call or write for prompt action. 


HOWE-BAKER ENGINEERS, INC. 


A Subsidiary of Nalco Chemical Company 


Box 956 Tyler, Texas 
Chicago, Illinois ¢ Houston, Texas ¢ Newark, New Jersey ¢ South 
Gate, California ¢ London, England « The Hague, Netherlands ¢ 
Milan, Italy (Tecnica Idrocarburi E Derivati S.p.A.) 
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Western Electric’s Fabulous 
Quartz Crystal “Factory”... 


UNDER FULLY AUTOMATIC 
Laylor ELECTRONIC CONTROL 


C-— 


THERMOCOUPLE ~ 





BAND THERMOCOUPLES 





HEATERS 








a 


INSULATION | 





NUTRIENT IN BASKET rs 


_ 


BASE PLATE & HEATERS 





FIREBRICK 


The Western Electric Company, at their 
Merrimack Valley works, North Andover, 
Mass. is the world’s first quantity producer 
of artificially “‘grown’’ quartz crystals. De- 
veloped to meet the fast growing needs of 
the Bell System, and to offset the uncer- 
tain supply of natural quartz, the Western 
Electric process produces crystals at a 
reduction in the cost of the natural variety 
and with fewer imperfections. 


The hydrothermal process developed by 
Bell Telephone Laboratories. requires the 
application of about 25,000 psi pressure at 
700°F. within an autoclave. It demands 
very precise control of temperature and 
exact temperature differentials during 
startup. Also extremely accurate and un- 
varying temperatures and pressure regula- 
tion throughout a 21 day “growing”’ period. 


Western Electric engineers set up the con- 
trol parameters, time program and toler- 
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ances necessary; Taylor Instrument Com- 
panies designed the electronic control sys- 
tem—completely automatic aside from 
loading and unloading. Safety instrumen- 
tation, also provided by Taylor, is so reli- 
able that the entire crystal growing build- 
ing is left unattended except during the 
day shift. 


TRANSCOPE* electronic instruments met 
two major requirements for this applica- 
tion. Uninterrupted control is assured by 
the use of premium quality components. 
Overpeaking at the beginning of the grow- 
ing period is eliminated by the unique de- 
sign features of the controller which in- 
cludes a diode limiter circuit. We are proud 
to have played a part in this outstanding 
achievement of Western Electric Company. 


Taylor Instrument Companies, Rochester, 
N.Y., and Toronto, Ontario. 
*Reg. U.S. Pat. Off. 
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Coals to Newcastle— Western Electric, manufacturing unit of the 
Beil Telephone System, chose Taylor Electronic Controls for this crit- 
ical process. Central control panel (above) shows two sets of ‘*warm- 
up period” recorder-controllers in center (vertical rows of three each), 
and ten pairs of ‘growth period” recorder-controllers on either side. 
Beneat?: each pair is a digital counter showing duration of growth 
period in 10ths of days. 


Right —Seed plates being lowered into the autoclave for the 21 days 
growth, 


Left—A harvest of sparkling crystals ... with none of the imper- 
fections usually found in natural quartz. 


Far Left—Cross section of one of 20 autoclaves. Process depends on 
the maintenance of a critical temperature differential between the 
nutrient area (lower zone) and the seed plate area (upper zone). 
Nutrient—low grade quartz—dissolves in hotter lower zone and is 
carried by convection to the cooler, upper seed chamber where it de- 
posits onto seed plates in a single crystal form. 


MEAN ACCURACY FIRST 
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PRECISELY 
THE FACILITIES 
YOU NEED! 


You can depend on American Pipe and 
Construction Co. to fulfill your requirements 
whether you need a single unit or an entire 
production facility. 


During its forty years of service to the 

Pacific Northwest, American has established 
valuable experience in the construction of 
catalyst vessels, distillation columns, storage tanks 
and similar steel plate fabrication that is 
recognized in the area. This experience has made 
the solving of particular problems standard 
procedure for its engineering department. 
American’s experience and facilities can be a 
major factor in assuring you exactly the 
fabrication you need. Contact an American sales 
engineer for full information on services 
available to you in the Northwest. 


enews ‘ 


* 
A rire ano CONSTRUCTION CO. ) 


NORTHWEST DIVISION 

518 N.E. Columbia Boulevard « Portland, Oregon 

For literature or service in the 

Northwest write or call: 

PORTLAND: P.O. Box 1898, Piedmont Station, 
Portland 11, Oregon; BUtler 5-2531 

SEATTLE: ADams 2-1336 
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CERAMIC 


CATALYST 
CARRIERS 


__ keys to better catalysis 


choose Norton Ceramic Catalyst Carriers 


In reactor columns throughout the 
chemical and petrochemical indus- 
tries, Norton Ceramic Catalyst Car- 
riers are helping improve catalyst 
life, lower catalyst costs, and provide 
optimum yields from reactions. 

It’s consistent high performance, 
too, because every Norton carrier in 
any quantity is uniform from lot to 
lot. Size, porosity, and purity are 
held to close tolerances. Duplication 
of specifications is assured. 

Today, probably the most widely- 
used Norton carrier is alumina. 
ALUNDUM* alumina carriers are avail- 
able as spheres, pellets, rings, gran- 
ules and powder. However, as new 
processes are developed, and more 
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demanding physical, chemical and 
thermal conditions are encountered, 
new Norton carriers are ready to 
meet catalyst specifications. Various 
new materials and shapes are now 
available in alumina, silica, zircon, 
zirconia and silicon carbide. These 
Norton developments offer porosities 
ranging from 8% to 65% and surface 
areas from less than 1 to 70m?/gram 
(BET method). 

Why not contact your Norton 
Man? Through him you can draw 
upon the wealth of Norton research 
and engineering data compiled over 
the years. He is well qualified to help 
you meet catalyst carrier specifica- 
tions exactly . . . efficiently . . . eco- 


nomically. Your requirements for new 
and unusual carriers will receive our 
prompt attention. 

Norton carriers are described in 
detail in the Bulletin, ‘‘Keys to Better 
Catalysis.”” For your copy, or for 
technical assistance, write NORTON 
CoMPANY, Refractories Division, 464 
New Bond Street, Worcester 6, Mass. 
*Trade Mark Reg. U.S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Crystallizing ideas 
into products 
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FLU ; DICS* AT WORK 


New from Pfaudler .. . plastic-coated 
process equipment to fight corrosion 


Equipment of the type shown in the 
picture above is now available with a 
corrosion-resistant plastic coating. 

The new coating is called Pfaudlon 
301.+ Developed by our Pfaudler Divi- 
sion, it consists of a water suspension 
of Pentont which is sprayed on and 
then fired. 

Pfaudlon 301 coatings generally can 
be supplied in 20-40 mil thickness, com- 
pletely free of “pinholes.” It is resistant 
to the corrosive effects of virtually all 
acids and alkalies as well as many sol- 
vents at temperatures up to 210°F. For 
certain pre-evaluated services, you may 
be able to operate at even higher tem- 
peratures. 

Pfaudlon 301 coats to the desired 
thickness and forms a hard, nonporous- 
type surface with as few as two appli- 


66 


cations. Other plastic coating methods 
usually require four or more applica- 
tions. 

The coating of complex shapes pre- 
sents no problem. We've coated such 
items as agitators, centrifuge baskets 
and parts, valves, pump impellers and 
casing, and process tanks—inside and 
out. (Note: It is easy to exclude those 
surfaces that need no coating. ) 

You also have quite a choice in base 
metals. We've had good results apply- 
ing Pfaudlon 301 to mild steel, cast 
iron, stainless steels, the Hastelloys, 
brass, bronze and copper. 

Inside valves, pumps, tanks or what 
have you, Pfaudlon 301 will permit you 
to handle safely a seemingly endless list 
of materials. Like? Most acids and al- 
kalies, hydroxides, fluorides and oxides, 
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plating solutions, tanning liquors, crude 
oil, alcohols, and kerosene, to name a 
few. 

Applied to the outside of equipment, 
Pfaudlon provides exceptional protec- 
tion against the effects of acid spillage 
and corrosive atmospheres. 

New Pfaudlon 301 will be available 
in two ways: To custom-coat your exist- 
ing equipment, or components; we have 
licensed eight firms around the country. 
You will find their names listed in the 
box on the opposite page. 

From us, Siaoet, you can get new 
equipment, fabricated and coated, from 
either of our two plants. Additional 
facts covered in a new data sheet, now 
available. 

Patent applied for 


tRegistered trademark for chlorinated polyether 
manufactured by Hercules Powder Company. 
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This polymer plant was designed and engineered by 
Pfaudier as part of its Project Engineering service. 


When should you use our 
Project Engineering service? 


Whenever a new plant or expansion re- 
quires a temporary addition to your 
engineering staff, is the concise answer. 
Starting with your data, since we do 
not supply the process or process data, 
we can provide you or your engineering 
firm with an integrated design to 
achieve the required operations and 
controls. 
In essence, our Project Engineering 
‘ service includes any or all of these func- 
tions: 
. Design of system or plant 
2. Selection and specification of equip- 
ment 
. Layout 
. Procurement and expediting of 
equipment 
. Contracting for erection, installation 


and/or construction 
6. Start-up assistance and 
training 
We offer specialized experience in sol- 
vent recovery — column design — esteri- 
fication — and polymerization. Our 
group has designed plants for chlorine 
dioxide, detergents, resins, and recov- 
ery of metal finishing wastes . . . to 
name the more significant areas. 

Where and when we start and how far 

we carry a project is your decision. A 
preliminary conference can be arranged 
at any time. 
Please direct all inquiries on Project 
Engineering services, Pfaudlon 301 
coatings, and F-C Glasteel pipe to our 
Pfaudler Division, Dept. PR-51, Roch- 
ester 3, New York. 


personnel 





PFAUDLON 301 
LICENSEES 


American Durafilm Co., Inc. 
2300 Washington Street 
Newton Lower Falls 62, Mass. 

WOodward 9-9800 


Mercer Rubber Corporation 
66 Reade Street 
New York 7, New York 
BArclay 7-0140 


Electrochemical Engineering 
Mfg. Co. 
750 Broad Street 
Emmaus, Pennsylvania 


WOodring 5-9061 
(Rt. 215 + LL) 





Tank Lining Corporation 
Seminary Avenue 
Oakdale, Pennsylvania 
BRowning 6-3205 
Livingstone Coating Corporation 
709 W. Third St., P. O. Box 8282 
Charlotte 8, N. C. 
EDison 4-1097 
Inner-Tank Lining Corporation 
4777 Eastern Ave. 
Cincinnati 26, Ohio 
EAst 1-4777 
industrial Coatings Corporation 
3227 S. Shields Ave. 
Chicago 16, Illinois 
Victory 2-4828 
Hanszen Plastics Co. 
835 S. Good-Latimer Expressway 
Dallas 10, Texas 
Riverside 8-8745 





An inside look 
at F-C Glasteel Pipe** 


This is the glass-lined pipe that you can 
cut to length with any standard dry- 
abrasive cutoff wheel and then, with a 
minimum of effort, thread, fire-polish 
and belt-sand for tight flange connec- 
tions. 

An “inside” look shows another im- 
portant feature of this high-integrity, 
lined pipe. The glass lining is not a 
coating. Rather it is a ¥%-inch thick spe- 
cial glass piping permanently fused to 
the shell of the outer steel pipe. 

This means you can expect substan- 
tially long service life, even with corro- 


he 4 


niin, 


$ 


sive and/or abrasive fluids. That glass 
inside also protects product purity. And 
it’s fire-polished smooth for complete 
cleaning with a minimum of effort. Out- 
side, of course, the steel provides work- 
ing strength. 

Put F-C Glasteel pipe to work with 
all acids (except HF) to 350°F. Pipe 
through most alkalies at moderate tem- 
peratures. Handle ultra-pure liquids 
without concern over contamination 
from the pipe. 

Get it in 14%-, 2- and 3-inch diam- 
eters, in any length up to 10 feet, right 
“off the shelf.” For answers to your 
questions, write for a copy of Bulletin 
987. 


**Patent applied for 





*FLUIDICS is the Pfaudler Permutit 
program that integrates knowledge, 
equipment and experience in solv- 
ing problems involving fluids. 











PFAUDLER PERMUTIT Inc. 


aw Specialists in FLUIDICS...the science of fluid processes 
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produce petrochemicals 
profitably with UDEX 


UDEX® is being widely used by refiners throughout 
the world for profitable production of high purity 
petrochemical intermediates, benzene, toluene and 
xylenes. Udex aromatics meet the highest standards 
of purity. In addition, Udex is a valuable process for 
separating high and low-octane gasoline fractions to 
control the quality of finished gasolines. 

Udex provides ideal market flexibility by enabling 
refiners to make products that meet changing prod- 
uct demands. Low utility consumption and lowsolvent 
costs make Udex unusually economical to operate. 

Udex has operational flexibilities too. Feed to a 


WHERE RESEARCH TODAY 
MEANS PROGRESS TOMORROW 
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Udex unit can vary widely in both quantity and 
composition, yet the stringent specifications of the 
product output will be maintained. Originated by 
Dow Chemical Company, the Udex extraction pro- 
cess was developed and is made commercially avail- 
able by UOP. 

UOP offers a wide range of petroleum and petro- 
chemical processes to refiners everywhere in the free 
world. A variety of technical services are also avail- 
able to insure the profitable performance of these 
processes. Let UOP engineers evaluate your pro- 
cessing needs now. 


UNIVERSAL OIL PRODUCTS COMPANY 


30 Algonquin Road, Des Plaines, Illinois, U.S.A. 
® 
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How Much Steam Should a Steam Trap Trap? 


- +. Some answers to commonly asked questions 
about the primary job of a steam trap 


You don’t need a doctor’s degree in 
thermodynamics to answer the ques- 
tion at the top of this page. Natu- 
rally, a steam trap should trap all 
the steam. 

Unfortunately for you, the prob- 
lem isn’t quite that simple. After all, 
a shut off valve would trap all the 
steam .. . and condensate, and air, 
and carbon dioxide as well. 


So we’d better amend the answer 
to the question this way: A steam 
trap should trap all the steam but 
must remove condensate, air and 
carbon dioxide as rapidly as they 
accumulate. 

With this established, let’s take a 
closer look at what’s involved: 


A Steam Trap Should Trap 
All The Steam 


If you’ve had experience with sev- 
eral different makes of traps, you 
already know that some trap steam 
better than others. The operating 
principle of the trap is what makes 
the difference. We like to talk about 
it because Armstrong traps are de- 
signed so that no steam can get to 
the orifice. The valve is always water 
sealed. Result: More efficient steam 
utilization, lower fuel costs. 


A Steam Trap Should 
Remove Condensate 


All traps remove condensate—after 
a fashion. For maximum efficiency 
in the unit being drained, though, 
the trick is to get it out without 
waiting for it to cool and without 
leaking steam. 

Armstrong’s water sealed valve 
takes care of steam leakage. The 
inverted bucket operating principle 
opens the trap for water regardless 
of its temperature. This means you 
get the condensate out as quickly 
as it accumulates. Result: Higher 
temperatures and better heat transfer 
in steam heated units. 


A Steam Trap Should 
Remove Air and CO, 


Part and parcel of the condensate 
removal problem is removal of air 
as well as oxygen and carbon diox- 
ide—two real troublemakers. Air 
tends to reduce operating temper- 
atures and interfere with heat trans- 
fer. CO, goes into solution to form 
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OF CONDENSATE AND 





Trap closed. Steam has floated in- 
verted bucket; valve is held tightly 
closed by system pressure. Air enter- 
ing trap passes through bucket vent 
and accumulates at top of trap. 





HERE’S THE STEAM TRAP DESIGN THAT GETS RID 
AIR WITHOUT STEAM LOSS 


GB steam 


BB conpensate 


Trap open. Condensate entering 
trap has caused bucket to lose buoy- 
ancy. Weight of bucket times leverage 
pulls valve open. Air is discharged 
along with condensate. 








corrosive carbonic acid which, for 
example, can eat unit heater tubes. 
O, aggravates the situation. Believe 
it or not, but all traps don’t prop- 
erly remove air and CO». 


By now, you’ve probably guessed 
that Armstrong traps do remove air 
and CO,. Armstrong design (see il- 
lustration) provides continuous 
venting of air and CO2. By opening 
suddenly, the Armstrong trap cre- 
ates a momentary pressure drop to 
““pump”’ the air down to be vented. 
Result: Higher temperatures, faster 
heat-up, better heat transfer and re- 
duced corrosion. 


Note: When required, specially 
sized air vents are furnished. For fast 
heat-up of low pressure on-and-off 
units, Armstrong provides open float 
and thermostatic air vent traps. 


What’s the Final Answer? 


Summing it all up, you'll get the 
best service from steam heated units 
that are equipped with traps de- 
signed to trap all the steam and re- 
move air and condensate as quickly 
as it accumulates. In our prejudiced 
viewpoint, this means Armstrong 
traps. More important are the sev- 
eral thousand users of Armstrong 
traps who have proved the point. 


See our catalog in Refinery Catalog. 


Before you make up your mind, 
though, consider the minimum main- 
tenance requirements of Armstrong 
traps . . . and the convenient assist- 
ance your local Armstrong Repre- 
sentative provides. These are im- 
portant plus values. 


Put Up or Shut Up 
We’re so confident that we “put 
up”. Armstrong traps are uncondi- 
tionally guaranteed to satisfy. So 
you can find out for yourself with 
practically no risk. If you’re not 
completely satisfied with the way 
they do their job, you can get your 
money back. 
* + + 


The 44-page Armstrong Steam Trap 
book goes into greater detail on 
these and other Armstrong features. 
It also discusses trap selection, in- 
stallation and maintenance. Ask 
your Armstrong Representative for 
a copy or write 


Armstrong Machine Works 
8529 Maple Street 
Three Rivers, Michigan 


ARMSTRONG 


STEAM TRAPS 


613-ST 
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SARCO TOPICS 


HOW TO SOLVE COMMON TRACER LINE PROBLEMS 


How to cure water hammer with a steam trap 
that will operate in vertical position 


Water hammer is an inher- 
ent problem in long tracer 
lines. So is freezing. Both 
problems can be overcome, 
and here’s an example of 
how it has been done. At 
the Socony Mobil Oil Com- 
pany’s Paulsboro, N.J., re- 
finery, they found that the 
Sarco Thermo-Dynamic 
Steam Trap, type TD-50, 
not only withstands water 
hammer, but installing the 
trap in a vertical position 
—which permits free drainage—presents no problems 
at all, thanks to its unique thermodynamic principle. 
In fact, 90% of the 250 TD-50’s at this plant are ver- 
tically mounted. They never block heat transfer, and 
they remove condensate and air as fast as they collect. 


How to handle varied steam pressures — 
without adjustment 
Can a trap— without . * 
adjustment — handle 
steam pressures that 
vary from 15 to 160 
psi? Can the same trap 
vent air and drain 
condensate as rapidly 
as it is formed, be easy 
to install and require 
practically no main- 
tenance at all? That 
was the problem set 
up by the engineering 
staff of Armour Chem- 
ical Division’s McCook plant. They solved it by testing 
many traps. Their conclusion: Sarco TD-50 steam 
traps meet or beat their specifications, because: 
they discharged condensate as fast as it formed, with- 
out wasting steam; 
their compact inline construction made installation 
easy, even in tight quarters; 
maintenance was practically negligible; 
no adjustment was necessary for varying steam pres- 
sures. (In fact, the TD-50 is self-adjusting through its 
full operating range of 10-600 psi.) 
No other steam trap can so adequately solve all 
these problems at one time. 





How to be certain process fluid stays 
above 280° F. when outside 
temperature drops to —10° F. 


The problem of 
maintaining design 
temperatures on 
tracer lines need 
not be difficult, no 
matter how ex- 
treme the condi- 
tions seem to be. 
For example, the 
tracer lines ina 
phthalic anhydride process at Witco Chemical Com- 
pany’s new Chicago plant had to be maintained above 
280° F. Below this temperature, the chemical sets and 
the whole system would have to be taken apart and 
re-assembled. That’s not all; ambient temperatures 
sometimes could drop to —10° F. 

With reliability as a prime consideration, Scientific 
Design Company, Inc., who designed and constructed 
this brand new plant, selected the TD-50. 

Because the TD-50 can be mounted vertically, freez- 
ing was no problem either. Added benefits that matter 
on tracer lines: the TD-50 is compact, light in weight, 
easy to install. 


What is the most reliable tracer line trapping 
method to prevent unscheduled shutdown? 


Particularly in refineries, 

steam traps have to function 

under exactly the kind of con- 

ditions that you’d expect to 

cause failure—they must 

function equally satisfactorily 

on low pressure or exhaust 

steam and on up through high-pressure, high temper- 
ature ranges. Not only that, but outside temperature 
may vary from subzero to subtropical. If maintaining 
design temperatures in your tracer lines appears to be 
hampered by these problems, consider how Phillips 
Petroleum Company, Kansas City, solved them. They 
found a trap which drains their tracer lines automati- 
cally over a full range of pressure, temperatures and 
loads. It’s the Sarco TD-50 Steam Trap. 

With only one moving part—a stainless steel disc, 
the TD-50 has little that can go wrong. In fact, it’s so 
free of trouble that Phillips Petroleum Company con- 
sider their TD-50’s as reliable and efficient as the 
piping. They now rely on 1800 of them throughout 
the plant. 1408 


FOR FULL INFORMATION ON TRACER LINE TRAPPING or on any steam 
trapping problem—see your Sarco Sales Representative or write to 
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POINT IN 


= PRESSURE | 
= PROPANE STORAGE 


At Riverdale, Georgia, the largest above-ground 





refrigerated low pressure liquid propane storage 
facility in the United States has recently been ex- 
tended to provide a total capacity of 6,500,000 


gallons. Stone & Webster Engineering Corporation 








designed and constructed the complete project which 

















provides Atlanta Gas Light Company a standby ca- 
pacity of eight days at a maximum send-out gas rate. 
Our experience throughout the field of peak shaving 
indicates that for large volume above-ground pro- 
pane storage, such refrigerated low pressure units 
offer the greatest economies in both installation and 
operating costs. We are prepared to help you solve 


any of your peak shaving engineering problems. 





— 
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Affiliated with Stone &. Webster Engineering Limited (London) 


New York, 90 Broad Street Boston,49 FederalStreet Chicago Houston Sanfrancisco LosAngeles Seattle Toronto Calgary 
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FROM 
DOWN 
THE 
LINE! 


Another plant avoids costly shutdown 
with WMSON STOPPLE® Plugging Machines 


“wasoN =! wre) Wit WMSON-HILLCO 
paetighit Magne - * F2) TAPPING MACH CHINE 


 & his aie OR BEG AES AMR ee netite 9 





“The STOPPLE is holding pressure in (2) “Fere’s how the STOPPLE works. After the tap is made, 
this line while a gas separator is the STOPPLE is mounted on the WMSON SANDWICH® 
being ‘installed. The flow is diverted Tapping Valve, and the sealing element is lowered into 
through a bypass eliminating shut- the line, stopping the flow completely.” 

down. STOPPLES serve as temporary 
block valves installed anywhere in a 
piping system.” 























WMSON 


STOPPLES a STOPPLES 
= can be used 
| j safely in 


j : % most plant 

) : and refinery 
applications— 
available for 
rental or 


© “We're using a pair of STOPPLES on re e / y purchase 
this job, one upstream and one down- ge 
stream. Had there been an existing 








TEMPORARY BYPASS 








MAIN LINE 





J 
CUT SECTION 











“When the separator installation 
valve in the right place, only one is complete, STOPPLES are re- 
STOPPLE would have been required.” moved and Lock-O-Ring® plugs 
are lowered into Lock-O-Ring 
flanges by the WMSON-HILLCO 
Tapping Machine to seal off 

the tap. Tapping valves are 
recovered for re-use.” 














For further information consult your W™SON Rep- 
resentative or write factory. 


Write Dept. G for Bulletin A-511A 
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P. O. BOX 40 TULSA 2, OKLAHOMA 
REPRESENTATIVES AROUND THE WORLD 
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Designed 
for 
best 

Economic 

Balance 








NEW 
PACIFIC 


TYPE SPM 


Pipe-Mounted 
Transfer and 
Process Pumps 


ECONOMIC BALANCE-an optimum relationship between capital and con- 
tinuing costs of equipment is especially true in process pumps, whose lifetime 
operating and maintenance costs may be many times the initial investment. 
Here are the factors of best economic balance in process pumping offered by 
Pacific’s new pipe-mounted centrifugal pumps: 


LOWER FIRST COST: Fewer (only six functional) parts + No separate 
pump bearings or brackets - High degree of interchangeability —minimum 
inventory. 


LOWER INSTALLATION COST: No baseplate or foundation required + 
No field alignment necessary + Integral drive—no motor coupling + Flange- 
mount and connect to power—that’s all. 


LOWER MAINTENANCE COST: Standardization of seals and shaft- 
mounted parts + Ready access, even in closest quarters, for field service, or 
* Easily demounted as a unit for shop maintenance. 


LOWER OPERATING COST: Each pump impeller designed for peak effi- 
ciency in a given application, or * Where low power costs permit, orifice control 
can be provided to adapt one pump size to a wide variety of applications. 
There is only one true cost of a process pump. It’s the overall, lifetime cost of 
the unit. Make a date with your Pacific Pump representative to discuss the 
entire pump standardization plan in your plant. He has the broadest line of 
any in the process field... and the experience to match. 








CENTRIFUGAL PUMPS FOR PETROLEUM, 
CHEMICAL, UTILITY & GENERAL INDUSTRIES 
O1L WELL PUMPS 





Write for New Type SPM Bulletin 142 


PACIFIC PUMPS 


. A Division of Dresser Industries, Inc. 
HUNTINGTON PARK, CALIFORNIA, U.S.A. 


DRESSER 
INDUSTRIES 
Inc. 


GIL + GAS + CHEMICAL 
ELECTRONIC + INDUSTRIAL 
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SK Introduces New Ultra-Efficient 
“Packaged” Gas Scrubber-Separator 


Water 


SK 
Fig. 4014 
Gas 
Scrubber- 
Separator 








Separator 
Element 





= Better performance than ever before possible with ejector-venturi type scrubbers is 
offered by a new SK unit called the “Fig. 4014 Gas Scrubber-Separator.” & The “Fig. 
4014” combines the familiar SK ejector-venturi gas scrubber with a new separator which, 
in field tests, has reduced liquid carryover to an almost unmeasurable 0.00002 gal. per 
100 cfm. &@ The new unit is compact. The 4 inch size shown measures less than 3 feet in 
overall height. It can be made in almost any suitable material. Initial and operating costs 
are low. Popular sizes are carried in stock — scrubbers in cast iron, Haveg, PVC, and 
stoneware; separators in fabricated steel. & Separators can be ordered individually for 


use with SK Gas Scrubbers. For information, request Bulletin Supplement 4R. 


© Schule and Koerling 


cOMPAN Y 


Manufacturing Engineers Since 1876 / 2257 State Road, Cornwells Heights, Bucks County, Pa. 
/ 


PHONE: MERCURY 9-0900 TWX: 69-"U" 
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CHROME-MOLY 
FITTINGS... 


FAST? 
CALL YOUR MIDWEST T DisTRIBUTOR 


Midwest stocks chrome-moly fittings in all standard 
types, sizes and wall thicknesses—cutting costly downtime 
to a minimum. 

And, if the fitting you need is not standard, it can be 
produced quickly from the full stocks of raw materials 
maintained by Midwest. 

When you need replacement fittings, get back on stream 
fast! Call your Midwest distributor for quick, dependable 
delivery and service. 


MIDWEST PIPING CO. INC. 
sos 1450 S. SECOND ST., ST. LOUIS 4, MO. 
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HELPFUL WATER CONDITIONING DATA 
FROM BETZ 


‘pre THE PAST DECADE considerable 
attention has been focused on the 
problem of cooling tower wood deteri- 
oration—and for good reasons. Com- 
plete collapse of some cooling towers 
has occurred. In other cases, fan supports 
have deteriorated, and the fans have 
fallen through the tower. Accidents have 
occurred due to collapse of ladders, 
decking and other parts of the tower. 
Wood deterioration has shortened the 
life of cooling towers from the antici- 
pated 20-25 years to 10 years or less in 
many cases. Repairs and replacement 
costs have been excessive, and cooling 
tower operation has been inefficient. 
During the past decade, many organiza- 
tions have been engaged in a study of 


HOW TO EXTEND 


@ The deterioration of cooling tower wood 


and will be leached from the wood by 
the circulating water. The strength of 
the lumber does not appear to be 
affected by leaching. However, the wood 
does become more susceptible to decay. 


Types of 


Wood Deterioration 
Cooling tower wood is subject to three 
main types of deterioration; chemical, 
biological, and physical. It is rare where 
one of these types of deterioration is 
present without the other. In most cases 
these different types of deterioration 
occur simultaneously. When deteriora- 
tion occurs it is difficult to determine 
which type of attack is predominately 
responsible. However, it is evident that 
physical and chemical deterioration will 
render the wood more susceptible to 
biological attack. 


Chemical Attack 


Chemical deterioration of cooling tower 


as focal points for corrosion at areas 
where the fibers accumulate in heat 
exchange equipment. 

Chemical attack most frequently oc- 
curs in the fill section and flooded por- 
tions of the tower where water contact 
is continuous. However, it will occur 
also in those areas where alternately 
wet and dry conditions develop—such 
as on the air intake louvers and other 
exterior surfaces. Chemical attack oc- 
curs also in the warm, moist areas of 
the plenum chamber of the tower caused 
by chlorine vapors and entrainment of 
droplets of tower water. 


Biological Attack 
Biological attack of cooling tower wood 
can be divided into two basic types... 
soft or surface rot and internal decay. 
These two types of deterioration are 
characterized by the effect they produce. 
In general, biological attack is insidious. 
It can proceed relatively unnoticed for 
long periods of time and then can mani- 
fest itself suddenly ...and disastrously. 


COOLING 


by chemical, biological 


and physical factors shortens the life of cooling towers. 


the problem to determine the causes and 
possible cures. Since water is an intimate 
part of the problem, Betz Laboratories 
is actively engaged in the study of 
wood deterioration. 


Cooling Tower 
Wood Composition 


Redwood is the most commonly used 
material for cooling tower construction. 
It has been in use for this purpose 
almost since the advent of cooling tow- 
ers themselves. Originally, this material 
was selected because of high strength to 
weight ratio, ready availability, ease of 
fabrication, cost and natural resistance 
to decay. Other species are used for this 
purpose, particularly Douglas Fir and 
less frequently cypress and pine. 

Wood is composed of three main 
components; cellulose, lignin and nat- 
ural extractives. The cellulose exists as 
long fibers almost identical to cotton 
fibers, and gives wood its strength. The 
lignin acts as the cementing agent for 
the cellulose. The extractives contain 
most of the natural compounds which 
contribute to the resistance to decay. 
In general, the more highly colored 
woods are the more durable. A typical 
analysis of redwood, based on the dry 
weight, will show approximately 50°; 
cellulose and hemi-cellulose, 30°; lignin 
and 20°, extractives. The extractives 
present in redwood make this material 
one of the most resistant to decay. 
Unfortunately, the extractives present 
in all woods are largely water soluble, 
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wood commonly is manifested in the 
form of delignification. Since the lignin 
component of the wood is affected and 
removed by this type attack, the resul- 
tant residue is rich in cellulose. The 
chemicals most commonly responsible 
are oxidizing agents such as chlorine, 
and alkaline materials such as sodium 


Brash, checked wood. 


bicarbonate and sodium carbonate. The 
attack is particularly severe when the 
combination of high chlorine residuals 
and high alkalinity concentrations are 
maintained simultaneously. 

Typically the wood takes on a white 
or bleached appearance, and the surface 
becomes fibrillated. This attack is re- 
stricted to the surface of the wood and 
the strength of the unaffected area is not 
impaired. However, severe thinning of 
the wood will occur wherever cascading 
water has an opportunity to wash away 
the surface fibers. In serious cases, the 
loosened fibers have caused plugging of 
the screens and tubes, and have served 


The organisms that are responsible 
for attack of cooling tower wood are 
those that can utilize cellulose as their 
source of carbon in their growth and 
development. Degradation of the cel- 
lulose is accomplished by the secretion 
of enzymes which convert the cellulose 
into compounds that can be absorbed 
by the organisms. The attack tends to 
deplete the cellulose content of the wood 
and leaves a residue rich in lignin. 
Characteristically, the wood becomes 
dark in color and loses much of its 
strength. The wood also may become 
brash, soft, punky, cross-checked or 
fibrillated. The principal cellulolytic 
organisms isolated from cooling tower 
wood are primarily fungi, which include 
the classical wood destroyers (Basidi- 
omycetes), and members of Fungi 
Imperfecti. However, bacterial organ- 
isms that exhibit cellulolytic properties 
also have been isolated but their exact 
role in cooling tower wood deteriora- 
tion is yet to be determined. The wood 
destroying organisms are common air 
and water borne contaminants, and are 
widely distributed in nature. 


The classical internal decay is re- 
stricted generally to the plenum areas 
of the tower, such as the cell partitions, 
doors, drift eliminators, decks, fan 
housing and supports. It is the more 
insidious of the two types of biological 
attack. It is characterized externally by 
an apparently sound piece of wood, 
which upon breaking shows severe in- 
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ternal decay. Because the decay is in- 
ternal, it is difficult to detect in its early 
stages. Rarely is internal decay found in 
the flooded portions of the tower such 
as the fill section. In these sections, the 
wood is saturated completely with water 
which excludes oxygen from the interior 
of the wood. The absence of oxygen 
limits the growth and development of 
these organisms. 

Soft or surface rot is found predomi- 
nantly in the flooded sections of the 
tower but also occurs in the plenum 
areas. The water flowing over the wood 
surfaces in the flooded portions contains 
enough oxygen to support growth. 
Surface rot is detected more readily, 
and its effect is less severe than in- 
ternal decay. 

In addition to oxygen—moisture and 
temperature have a marked bearing. 
Locations where the moisture content 
of the wood range between 20 and 27% 
and temperatures range between 88 and 
105 F, usually permit optimum growth 
and development of the organisms. 


Internal biological attack. 


Chemical deterioration as manifested 
by delignification can be controlled 
readily by restricting the pH and chlo- 
rine concentration of the circulating 
water. It is advisable to restrict the pH 
below 8.0 and preferably in the range 
of 6.0-7.0. In this range, the alkaline 
salts will be at a low level, the rate of 
leaching of extractives will be slower 
and the adverse effect of chlorine will 
be lower. It is also advisable to restrict 
the free chlorine residual to no more 


TOWER LIFE 


Physical and Other Factors 


One of the major physical factors is the 
effect of temperature upon wood. Wood 
technologists have long recognized that 
high temperatures have an adverse effect 
on wood. It is known that continuous 
exposure to high temperatures wil! pro- 
duce gross changes in anatomical struc- 
ture and will accelerate loss in wood 
substance. These resultant effects will 
weaken the wood and predispose it to 
biological attack particularly in the 
plenum areas of the tower. 

There are other factors which also 
have a bearing on the deterioration of 
tower wood. For example, areas ad- 
jacent to iron nails and other iron hard- 
ware usually deteriorate at an acceler- 
ated rate. These areas invariably lose 
much of their strength and the wood 
will crumble easily in the fingers. Slime 
and algae growths and deposition of 
dust and oil can all aid the growth and 
development of the soft rot organisms. 


Control of 


Wood Deterioration 
While the subject of wood deterioration 
under cooling tower operating con- 
ditions is far from being completely 
understood, a considerably better under- 
standing of the process has been gained 
during the last few years. With this 
understanding, a comprehensive pro- 
gram can be outlined which, if followed, 
will assure a minimum of attack and 
longer tower life. 
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than 1.0 ppm, or preferably lower. 
Intermittent chlorination is preferred 
over continuous chlorination, since the 
latter even at concentrations less than 
1.0 ppm tends to promote more rapid 
deterioration of tower wood. 

Biological deterioration of the surface 
type, particularly in the flooded portions 
of the tower, can be greatly minimized 
by the same factors which minimize 
chemical attack. There is ample evidence 
that chemical surface attack renders the 
wood more susceptible to biological 
surface attack. In addition to the control 
of pH and the judicious use of chlorine, 
the supplemental periodic addition of 
non-oxidizing biocides to the circulating 
water to control the causal organisms 
will be of material benefit. 

The control of biological deteriora- 
tion in the plenum areas of the tower is 
considerably more complicated, pri- 
marily because of the internal decay 
which is prevalent in these areas. This 
type attack can proceed relatively un- 
noticed for long periods of time and then 
can manifest itself suddenly—and dis- 
astrously. This statement is repeated to 
emphasize the insidious nature of this 
type attack. Thorough inspections will 
not always disclose the extent or pres- 
ence of incipient decay. Detection is 
made generally only after extensive 
damage has been done. Infected mem- 
bers should be removed and replaced 
preferably with ‘treated’ lumber. Be- 
cause of the random nature of the at- 
tack, and the fact that only the most 
seriously affected areas will be discov- 


ered and replaced, subsequent discovery 
of more areas of infected lumber will be 
uncovered with time, and maintenance 
and repair costs will mount. 

The existing methods of control of 
biological deterioration in the plenum 
areas of operating towers involves spray- 
ing the lumber with preservatives that 
are toxic to the causal organisms. Im- 
pregnation of the wood relies on dif- 
fusion of the toxicants into the wood. 
Whereas diffusion of the toxicants 
through the ends of the wood members 
is good, diffusion across the grain is not 
very great, often limited to penetration 
of the outer 4%” to 4” of the member. 
In large members, where the internal 
rot is deeply seated, the toxicant will 
not reach the infected area and growth 
of the organisms can continue. Accord- 
ingly, at best the procedure of spraying 
the plenum areas of the tower can only 
help in containing the infection. Because 
of this limitation it is essential that the 
corrective procedure be applied before 
the tower is seriously infected. Therefore, 
for maximum benefit in minimizing 
biological attack of the internal type, 
spraying of the plenum areas of the 
tower should be done before serious 
infection has developed. The spray pro- 
cedure should be adopted and viewed 
as preventive maintenance. 

In order that serious attack be avoided, 
periodic examination of the tower should 
be augmented by submitting wood sam- 
ples to a qualified microbiological labo- 
ratory. Studies of the wood can be made 
which will show the incidence of fungi 
on the surfaces and interior sections of 
the wood and whether cellulolytic organ- 
isms were or are present. The natural 
resistance of the wood should be checked 
to determine whether it has diminished 
to a point where it is no longer effective 
against microbiological attack. These 
studies can serve as a basis for determin- 
ing when to initiate the preventive 
spraying program. 





Betz Laboratories maintain a well 
equipped microbiological laboratory, 
staffed by microbiologists with an ex- 
tensive background in the field of cool- 
ing tower wood deterioration. We will 
be pleased to make our facilities and 
services available for the study of your 
cooling tower problems. For more de- 
tails on the care and maintenance of 
cooling tower wood deterioration, write 
for Bulletin 605. 


BETZ LABORATORIES, INC. 
Gillingham & Worth Streets e Phila. 24, Pa. 

















@ CONSULTANTS ON INDUSTRIAL WATER PROBLEMS 





toP: Muddy well water is the 
coolant for these Jacket Water 


Coolers. 


RIGHT: Two 56” Dia. x 12'0” 
high Amine Solution Coolers 


with expansion joints in shell. 


BOTTOM: One of a number of 
seawater cycle units for a 
chemical plant. Nylon dis- 
tributing ferrules prevent ad- 
herence of barnacles. Low 
pressure drop allows circula- 
tion of large quantity of sea- 
water. 


One of the many 
distributor types 
developed for vari- 


ous applications.e *Covered by 


iia Pat Nos. 
ia} 2,057,597, 
' i if 2,424,441 and 


others pending 


Special metering distributors control the flow in 
vertical Vogt film type exchangers of single tube- 
pass design. The liquid is spread in a uniform film 
over the inside surface of the tubes. Since the 
liquid falls by gravity, good velocity is obtained 
with a small quantity of liquid. 

Vogt has developed many types of distributors 
which are made from a variety of materials to 
accommodate the fluids circulated through the 
tubes in specific processing operations. 

A unique feature of these exchangers is that the 
tube side can be cleaned while in operation. 
Vogt Film Type Exchangers are used as Coolers, 
Condensers, Absorbers, Heaters, and Evaporators. 


Other Vogt Products BULLETIN HE-8 


Forged Steel Valves and Fittings. Bulletin HE-8 describes 
Petroleum Refinery and Chemical —, _ a 

, og ea ransfer 
Plant Equipment. Steam Genera- Equipment and is avail- 
tors. Heat Exchangers. Ice Mak- able upon request. Ad- 


ing & Refrigerating Equipment. dress Dept. 24A-XPR. 


HENRY VOGT MACHINE CO. 
Louisville, Ky. 


SALES OFFICES: New York, Chicago, Cleveland, 
Dallas, Camden, N. J., St. Louis, Charleston, 
W. Va., Los Angeles 


Voot FILM-TYPE HEAT EXCHANGERS 
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What’s News in Additives... 





feiss a3 


CONTROLLED CAR TESTS ON PARADYNE 101 using the mileage accumulation dynamometer. 


NEW PARADYNE 10 


AN IMPROVED GASOLINE ADDITIVE FOR 
MODIFYING COMBUSTION DEPOS/TS 


Enjay Paradyne 101 is an improved 
combustion-deposit modifier which 
minimizes troublesome combustion 
chamber deposits. It reduces spark 
plug misfiring, surface ignition 
noise and rumble — and does it with- 
out increasing spark-knock octane 
requirement beyond what is normal- 
ly encountered in a leaded gasoline 
containing no phosphorous. 


ADVANTAGES TO REFINERS: 
e@ Paradyne 101 gives better spark- 


knock performance than convention- 
al phosphorous—containing additives 
—and can either increase car satis- 
faction without additional cost, or 
maintain the same level of satisfac- 
tion at less cost. 


@ Paradyne 101 has no detrimental 
effect on gasoline road octane per- 
formance. In effect, it can provide 
extra octane numbers. 


e Water contact will not extract 
Paradyne 101. 


e@ Paradyne 101 is completely com- 
patible in finished gasolines with 
other commonly used additives. 


Outstanding performance of Para- 
dyne 101 was proved in fleet test 
studies using late model cars. 

For our new file folder containing 
complete performance data, call or 
write to your nearest Enjay office, 
or to 15 West 51st Street, New York 
19, New York. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 
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WILL YOUR INSULATION PERFORM ACCORDING TO THE SPEC? 


there’s a foster protective system to help make sure it will 


When the thermal-insulation specification includes the name ‘‘Foster,’’ 
you’re assured a protection system engineered to resist practically every 
condition the insulation can be expected to encounter. And only with the 
proper protection will the insulation perform efficiently. 


There’s no such thing as “‘or equal’’ when it comes to protecting your 
costly investment in insulation. Only the Foster system in the specifications 
can be relied on 100% to fill the bill. 


Foster insulation-protection research has developed adhesive, vapor- 
barrier, and coating systems to meet virtually every conceivable thermal- 
insulation requirement. A letter or call outlining your problem 

Thermal Insulation HM Will bring One or more Foster Bulletins which should contain 


Seen an appropriate solution 
foster | 


Fire Resistive 


Specifications 8 : fos ter 


BENJAMIN foster co. “, 


| Division of Amchem Products, Inc ERs . 


OATia, 
ym 
Ss 


9 
Pp” 4635 W. GIRARD AVE. © PHILA. 31, PA. 
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To help your motor oils 
prevent cold engine 
varnish and sludge— 
200 Series Additives 


The Amoco 200 Series Additives are blends of a 
unique barium detergent and an especially ef- 
fective zinc dialkyl dithiophosphate inhibitor. 
Motor oils containing these additives. are supe- 
rior in ability to prevent varnish and sludge 
deposits in stop-anc-go operation. These per- 
formance characteristics have been demon- 
strated in laboratory tests—including Sequence 
V and other sequences of the MS test procedure 
—and in millions of miles of field tests. 


1. Excellent high temperature detergency. 


2. Effective neutralization of fuel-derived inor- 
ganic acids. 


3. Inhibition of oxidation and bearing corrosion. 
4. Minimized wear in valve trains. 


Savings can be made in biending multi-graded 
oils because the detergent in the Amoco 200 
Series Additives acts as a mild viscosity index 
improver. 


Technical service representatives from Amoco 
will be glad to help you develop the combination 
of Amoco additives best suited to your base 
stock and performance requirements. 


AMOCO CHEMICALS CORPORATION 
130 East Randolph Drive, Chicago 1, lilinois 


Multi-cylinder laboratory test (MS 
sequence V). With an AMOCO 
200 Series Additive, oil screen 
(above) shows no clogging. 


Screen (below) from test engine 
in which oil containing a competi- 
tive additive was used. Screen is 
more than 75% clogged. 





PRODUCT IMPROVEMENT 
ARE | 


ELECTROFINING 


Electric Precipitator 
Treating 

... ON THE JOB 
THROUGHOUT REFINERIES 
.«» FHROUGHOUT 

THE WORLD! 


DO YOU HAVE 
ONE OF THESE 
TREATING PROBLEMS? 


(Successfully Treated 
the ELECTROFINING Way!) 


* Registered trademark of Petrolite Corporation 


Divist 


3202 South Wayside Drive (P.O. Box 2546), Houston 1, Texas 
1390 East Burnett Street (P.O. Box 7216), Long Beach 7, California 
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PETRE<O | 


If you have a treating problem, ELEctrorininc* Electric Precipitator 
Treating might well provide the answer. It has, for refineries all over 
the world—in improving and stabilizing streams from many different 
types of refining units. 

The table shown here lists some of the places in which ELECTROFINING 
units are successfully being used, some of the stocks being treated, 
some of the treatments applied and some of the product improvements 
gained by the process. 

It is equally important to note that the ELECTROFINING process 
permits intimate and instantaneous contact between hydrocarbon and 
chemical treating agents, assuring immediate separation with minimum 
carry-over or effluent pollution. The process is precise, automatic 
and continuous. 


ELECTROFINING 
PRECIPITATORS 
USED WITH 
THESE UNITS 


PRODUCT 
STREAMS 
TREATED 


PRODUCT 


TYPE OF IMPROVEMENT 


TREATMENT 


Water Removal 
Water Wash 
Caustic Wash 

Acid Treat 
Acid-Caustic 

Caustic-Water 

Doctor Treat 
Sulfonation 


Crude Distillation 
Thermal Cracking 
Catalytic Cracking 
Vacuum Flashing 
Hydrotreating 
Reforming 
Alkylation 


Acid Precipitation 
Caustic-Sodium 
Sulfite Treat 


Detergent 
Alkylation 


GET THE COMPLETE ELECTROFINING STORY from 
your local PETRECO Engineer, or write to... 


SUBSIDIARY AND AFFILIATED COMPANIES 
CANADA, Edmonton, Alberta « ENGLAND, London 
GERMANY, Frankfurt, a. M. « VENEZUELA, Caracas 


REPRESENTATIVES 


ARGENTINA, Buenos Aires « BRAZIL, Rio de Janeiro + COLOMBIA, Bogota 
ITALY, Rome « JAPAN, Tokyo + KUWAIT, Kuwait « MEXICO, Mexico, D. F. 


NETHERLANDS, The Hague « PERU, Talara « TRINIDAD, Port of Spain 
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COPPUS BLUE RIBBON PRODUCTS 


dt 


STAMINA You can literally see stamina in every 
dimension of a Coppus Turbine . . . rugged reliability 
that assures you stable, positive performance. It truly 
‘‘wins”’ the Blue Ribbon with which it is marked . . . 
through advanced design, top quality materials, and 
thorough testing. With Coppus you’re always certain 
of Blue Ribbon features such as these 


A totally enclosed governor . . . totally enclosed, inde- 
pendently operated safety trip . . . easily replaceable 
packing and bearings . . . multiple steam nozzle control 
... brake rim for added safety . . . wide bucket “‘ L’’ type 
wheel (optional) for minimum water rate. 


Coppus Steam Turbine with Built-In Speed Reducer 


Coppus Turbines are built to customers’ specifica- 
tions, including API and NEMA standards. Sizes from 
1 HP to 250 HP. All Coppus Products carry the same 
Blue Ribbon assurance of reliable performance. For 
further facts on turbines, send for new Catalog 200. 
Coppus ENGINEERING CORPORATION, 415 Park Ave., 
Worcester, Mass. Sales Offices in Thomas’ Register. 


(COPPUS 


STEAM TURBINES 





MASONEILAN 


ELECTROPNEUMATIC 
POSITIONER... 


— 
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Arranges Happy Marriage 


Between Electronic Controller 
and Pneumatic Control Valve 


The advantages of the electronic controller can 
now be mated to the superior power and smooth 
throttling action of the pneumatic control valve 
by means of Masoneilan Model 8010 Electro- 
pneumatic Positioner — the most advanced de- 
vice available for converting electric output signal 
to pneumatic positioner output. 

Fidelity of positioning is assured because Model 
8010 is a true positioner providing direct compari- 
son of valve stem position with controller output 
signal, resulting in dynamic response and accu- 
racy not possible with any combination of trans- 
ducer and positioner. 

Compatibility with any presently 


available electronic controller is obtainable be- 
cause design provides for adaptability to all usual 
controller output signals. 


Character of the design results in high open- 
loop gain and closed-loop stability. Balanced 
beam permits installation of the valve in any po- 
sition without calibration shift. 


You Are Invited to join the growing number 
of users who recognize the superior merits of 
Masoneilan Electropneumatic Positioners. The 


first step — obtain complete information. Get 


in touch with any Mason-Neilan office or 
representative; or write direct to 


Products that work for your profit 


INiason-NeEILAN 


Division of Worthington Corporation 
51 Nahatan Street, Norwood, Massachusetts 


DESIGN FEATURES 


@ Extra large stabilized magnet, plus efficient magnetic circuit, provides 


high-force changes. 


@ External stroke adjustment accessible without removal of cover — no 


exposure of electric wiring. 


@ High capacity relay for fast stroking speeds. Relay may be mounted in any 


one of four positions to facilitate piping. 


@ Balanced beam permits installation of valve in any position without shift 


in calibration. 


@ Available for 3-15 psi or 6-30 psi valve spring ranges and for split-ranging. 
Standard stroke ranges 3%" - 3” and 2” - 4”. Others available. 


PERFORMANCE 
DATA 
Open-loop Gain* — approx. 100 
Linearity —within +1% of full stroke 
Repeatability — within 0.2% 


Load Sensitivity — output pressure 
change of 1.2 psi per 0.1% of full 
stroke offset 


Supply Pressure Effect — +1% of 
full stroke for +5 psi change from 


@ Available with direct or reverse action and for direct or reverse actuators. 20 psi 


@ Explosion-proof construction meets requirements of Class |, Division I, 


Group D. 


% of full stroke 
% of full input range 





*Defined as 


For more data on advertised products, use Readers’ Service Cards, last page. 





B&W 
KAOCRETE-B 
will @Xcelled 
for gunning 
in overhead 
applications 
with minimum 
is rebound loss 


being gunned inside fixed bed 
desulfurizer vessel. 


B&W Kaocrete-B, a specially developed refractory 
castable is excellent for gunning in vertical or 
overhanging applications with low rebound loss. 

Kaocrete-B is suitable for temperatures en- 
countered in most refining and petrochemical 
applications. It is extremely easy to apply be- 
cause it has sufficient plasticity to adhere read- 
ily to mesh and walls. Kaocrete-B’s low density 
permits a minimum amount of material to be 
used, thereby lowering the refractory weight 
and reducing material cost. Because of its rela- 
tively low iron content, B&W Kaocrete-B can be 
used in most process atmosphere applications. 

B&W makes a line of specialized refractory 
castables which is widely used in the petroleum, 
petrochemical and chemical industries. Bulletin 
R-35B contains complete information on B&W 
Refractory Castables. Send for your copy to: 
The Babcock & Wilcox Co., Refractories Division, 
161 East 42nd Street, New York 17, N. Y. 


THE BABCOCK & WILCOX COMPANY 
REFRACTORIES DIVISION 


B&W Firebrick, Insulating Firebrick, and Refractory Castables, Plastics, Ramming Mixes, Mortars, and Ceramic Fiber. 
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® of a valve is to shut off a line. And 
Rockwell-Nordstrom valves do this job better than any other valve on 
the market. They live longer, too, saving you money every year in 
valve replacement. The cost? No more than ordinary valves. Write for 
complete information. 


seals tight e Let's get basic: The prime function 


rocKweL® 





Write to: Please send me Bulletin V-217. 
Rockwell Manufacturing Company 

95-E N. Lexington Ave., Name 

Pittsburgh 8, Pa. 
Canadian Valve Licensee: Company 
Peacock Brothers, Ltd. 
Box 1040, Montreal, Quebec Street 

Rockwell International, S.A. ae 
81 Rue de la Servette ‘ 
Geneva, Switzerland ines amen 
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4 
BACKED BY MORE THAN 
33 YEARS EXPERIENCE 








Announcing the installation at Gulf 
States Tube Corporation of the world’s 
first and only fully automatic mechani- 
cal vertical extrusion press and in-line 
hot finish mill for the production of 
seamless steel tubing. 


The new facilities will double the pro- 
duction capacity of Gulf States, making 
available 45,000 tons annually of the 
highest quality tubing in a wide range 
of alloy steels, including stainless. 


Tubing sizes to be produced in the new 
mill range from approximately 1 inch 
to 2%% inches with lengths up to 110 
feet in the smaller diameters. 














SALES OFFICES 

Atlanta, Georgia ¢ Boston, Massachusetts » 
Buffalo, New York ¢ Chicago, Illinois * Cin- 
cinnati, Ohio ¢« Cleveland, Ohio ¢ Denver, 
Colorado ¢ Detroit, Michigan ¢ Houston, 
Texas ¢ Los Angeles, California ¢ Phila- 
delphia, Pennsylvania ¢ Pittsburgh, Pennsy]- 
vania ¢ St. Louis, Missouri * Seattle, Wash- 
ington ¢ San Francisco, California 


GULF STATES 
*TUBE CORPORATION 


A Specialty Mill Producing 
High Quality Seamless Steel Tubing 
Rosenberg, Texas Teletype 438 
Phones 
Rosenberg: NO 2-2856 Houston: CA 8-9656 
Subsidiary of Michigan Seamless Tube Company 
South Lyon, Michigan 
* Macaroni Tubing * Pressure Tubing 
* Condenser & Heot Exchanger Tubing 
* Mechanical Tubing 
* Aircraft Tubing 
May 1961—PetROLEUM REFINER 
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from Yarnall-Waring Company, Philadelphia 18, Pa. 
BRANCH OFFICES IN 19 UNITED STATES CITIES ¢ SALES REPRESENTATIVES THROUGHOUT THE WORLD 
STEAM TRAPS STOCKED AND SOLD BY 270 LOCAL INDUSTRIAL DISTRIBUTORS 


3 REASONS WHY NEW YARWAY SERIES 130 
IMPULSE STEAM TRAP 
SCORES BIG SUCCESS 


This new Yarway all-in-one combination steam trap, 
strainer and blow-down valve—designed especially 
for moderate condensate load applications—is win- 
ning enthusiastic approval from users everywhere. 
Here’s why: 


it saves space 


Entire trapping hook-up can fit into an area no larger 
than a “T” fitting. Straight-through piping, cleaner 
installations, more accessibility. 


STEAM TRAP : it saves money 


Only one unit to buy—plus much lower installation 

BLOW-DOWN and maintenance costs—results in large savings over 

STRAINER f VALVE conventional trap installations. A fair estimate—UP 
: TO 30% IN TIME AND MATERIALS! 


it saves work 


No more installation headaches. As easy and quick to 
install as a pipe fitting. Maintenance is a breeze. Blow- 
down valve is operated by simple Allen wrench, 

Series 130 traps are good for all pressures 8 to 600 
psi, stainless steel throughout, have replaceable trap 
valve and seat, woven stainless steel strainer. 

Why not try this compact combination on a steam 
main drip, tracer line or other moderate load applica- 
tion in your plant? Your nearby Yarway distributor can 
now supply you. For more details on Yarway Series 130 
traps, write for Bulletin T-1743B. 





Yarway Series 130 Impulse Steam Trap draining drip on 700 ft. 
house heating line at Eddystone Station of Philadelphia Electric 
peas Co. Pressure 150 psi; temperature 385° F. 


ANOTHER POPULAR YARWAY IMPULSE STEAM TRAP—SERIES 30 


This is the “trap” part of the Series 130 @ Long service life, with lever action 

described above—but without combined reducing impact in valve seat 

strainer and blow-down valve. Gives Low maintenance; easily replaceable 
ak efficiency on moderate condensate seat and disc 


oad applications. Offers these features: High quality, all stainless steel—with 


© Economy of operation, with close a new low cost 
condensate control Write for Yarway Bulletin T-1743. 
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TREAT YOUR 
WATER RIGHT 


For Maximum 
Plant Efficiency 


alee a 


A complete program 
for lasting results in: 


Clarification . .. dependable flocculation and 
settling with coagulants and coagulant aids. 





Boiler water conditioning . . . positive control 
of corrosion and deposits, steam purity, and con- 
densate system corrosion. 


Cooling water treatment... prevention of de- 
posits, corrosion and microbiological fouling. 


Process water preparation . . . to meet specific 
requirements. 


Good water for your uses is like a good man on 


ae 


ee ede 
9 tn Sg 


the payroll: always delivering the most value for 
dollars spent. And, like a good man, your water 
performs best when treated right. Here’s where 
Nalco enters the picture with specialized skills, 
experience, and chemicals to help you treat your 
water right. Nalco services include consultation 

. assistance in selecting equipment and treat- 
ment programs to provide maximum benefits from 
all water treatment systems. 

Call your Nalco Representative for prompt help 
in getting lasting results from your water treat- 
ment programs. Ask him, too, for Nalco Reprint 
79: ‘““Water: A Unique Engineering Material,’ or 
write direct for your free copy. 


NALCO CHEMICAL COMPANY 


6259 West 66th Place 


Chicago 38, Illinois 


Subsidiaries in England, Italy, Mexico, Spain, 
Venezuela and West Germany 
® In Canada: Alchem Limited, Burlington, Ontario 


-+-Serving Industry through Practical Applied Science 


May 1961—PeEtTROLEUM REFINER 
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Bristol Series 532 A/D pneumatic recording controller 
is outstandingly SIMPLE, RELIABLE, and STABLE 


Simple modular design for ease of servicing 


High control stability for closer process 
control 


Designed for batch-type and continuous 
processes 


Proportional, proportional-plus-reset, and 
proportional-plus-derivative control models 
available 
Top control performance with maximum simplicity plus standard 
Bristol precision measuring elements—those are the key features 
of the Bristol Series 532 Recording Controller. The 532 uses the 
same renowned elements that have earned such a reputation for 


CONTROL UNIT CHARACTERISTICS: 


PROPORTIONAL BAND: 0-400% continuously ad- 
justable, direct- or reverse-acting. 

RESET: 0.1 to 100 repeats per minute. 
DERIVATIVE: 0 to 10 minutes derivative time. 

AIR PILOT: Non-bleed type. 

PILOT CAPACITY: Over 3.0 scfm. 

FREQUENCY RESPONSE: Essentially flat to 300 
cycles per minute. 

TEMPERATURE STABILITY : Less than 0.1% change 
in the output pressure for 90°F temperature change. 
CHART: 8” diameter; wide variety available. 





accuracy and dependability on other Bristol automatic control- 
ling and recording instruments—perfected through wide expe- 
rience and many years of development. 

Self-contained modular design of the control unit speeds serv- 
icing. The whole modular unit, consisting of an aluminum cast- 
ing with working parts made of stainless steel, Ni-Span C, and 
Neoprene diaphragms, can be removed by taking out only two 
screws and a link. 

The die-cast aluminum instrument case (1534 x 1034 x 5% 
overall) presents a streamlined appearance and is completely 
dustproof and weatherproof. 

Write for complete data on the new, versatile, eco- Acce 
nomical 532 A/D. The Bristol Company, 111 Bristol ; 
Road, Waterbury 20, Conn., a Subsidiary of American WW) 


Chain & Cable Company, Inc. os6 = 


MATERIAL: Aluminum housing; 316 stainless steel 
internal parts; Ni-Span C feedback element. 


RECORDING CONTROLLERS OFFERED FOR: 
PRESSURE AND VACUUM: Ranges from full vacuum 
to 15,000 psi. 

TEMPERATURE: Ranges from—100°F to + 1000°F. 


FLOW AND DIFFERENTIAL PRESSURE: With mer- 
cury-type manometer and dry-type differential unit. 
LIQUID LEVEL: With bulb unit and mercury manom- 
eter and dry-type differential unit. 


HUMIDITY: Zero to 100% relative humidity. 


i 
*Advanced Design 
ERIS i oO L -..for improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 


y2 For more data on advertised products, use Readers’ Service Cards, last page. 
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Packed Tower Performance Improved with 


~GAS-INJECTION’ SUPPORT PLATES 


The dramatically lower pressure drops ex- To meet this need, U. S. Stoneware engineers 
pected through the higher bed voidage have developed a series of packing support 
obtainable with Intalox® Saddles and Pall plates based on the principle of injecting the 
Rings cannot be realized when the packing gas into the bed above the point where the 
support plate restricts gas and liquid flow. liquid disengages. Thus, liquid leaving the 
For maximum performance from these newer column cannot restrict gas flow into the column 
packings, the support plate must provide an and the low pressure drops anticipated from 
effective free area equal or greater to the free Intalox Saddles and Pall Rings can be fully 
area of the bed (which in some instances may realized, 

run as high as 95%). 


“Gas-Injection” Support Plates* are made in a variety 
of types and from a number of materials. 


Chemical porcelain “multi-beam” support 
plate is available for use in towers from 4 Pe 
18” 1.D. to 10’0” 1.D. or more. ' Fig. 819 


Fiberglass re-inforced 
plastic “multi-beam’”’ 
support plates are 
aveillable for towers 
up io 8’ or larger in 
diameter. 


The “gas-injection” principle is available (Carbon plate) 
in any of the weldable alloys or elements 
in one-piece or two-piece construction for 
towers 12” through 48” or in multi-beam 
construction for towers of unlimited size. 


Support plates incorporating the “gas- 
injection” principle are likewise available 
made from impervious graphite. 


*Covered by patents granted or pending. 


Process Equipment Division 


WRITE FOR THIS NEW BULLETIN 
Bulletin TA-40 gives full technical data on 
“gas-injection” support plates, plus U. S. 


Steneware’s line of distributors and hold- u 45 ST 
down plates. Free on request. Write Process e bd ffi 
433-6 Equipment Division. AKRON 9, OHIO 
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The Control Valve 
that Drains Itself 


ANNIN’S MODEL 1900 SELF-DRAINING CONTROL 
VALVE is designed to completely drain the line and valve 
body of corrosive fluids, slurries, and other flowing media which 
contaminate or tend to set up and harden in the system. Body 
and trim are designed so that all surfaces slope downstream, 
making the valve completely self-draining when installed in 
either the horizontal or vertical position. All body parts are 
interchangeable with other Annin models, allowing an option 
of globe, angle or three-way body patterns. Model 1900 is de- 
signed to accept all standard actuators— Pneumatic Domotor, 


Electro-Pneumatic, Electro-Hydraulic, Cylinder or Manual. Model 1900 has many applications in the process 
industries, both in batch operations which re- 
quire cleansing of the system after each run and 

: : : in continuous processes after the system is shut 

Send for latest technical information. down. Unique self-draining design of the valve 

body eliminates problems of fluid contamination, 


fermentation, toxicity and solidification. 
THE ANNIN COMPANY 
HI) 1040 South Vail Avenue, 
VALVES Montebello, California 
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HOW LONG 


GAN YOUR PLANT 
AFFORD 
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1 LEAKAGE! 


! YY pepuce 
\ eS. PUMPING 


HAY AY 


WIiILFLEY 


When you install Wilfley Acid Pumps, leak- 
age is no problem. Wilfley’s famous “Expeller” 
prevents leakage when the pump is running, 
and a special conical seal, automatically opened 


charge sizes with 10 to 3000 GPM capacities, 
heads to 200’ and higher. 


e Lower Pumping Costs 


and closed, positively prevents leakage when e Continuous Maintenance-Free Operation 


the pump is shut down. 


Let Wilfley solve your pumping problems. 
Pumping parts are available in a variety of 
metal alloys as well as plastic. 1” to 8” dis- 


Write, wire or phone for complete details. 


Longer Pump Life 
Higher Output 
Every Installation Job Engineered 


wiley Seng Pump, 


Companions in Economical Operation” 


A. R. WILFLEY and SONS, Inc. 


Denver, Colorado, U.S.A. © New York Office: 122 East 42nd Street, New York City 17 Miltley Acid pur?” 
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Many refiners are 


t 


improving marketability 


another 


TRETOLITE SERVICE 


me oon mi 


eulting casts... 


with Tretolite Coimpany products 


TRET-O-LITE* Demu!sifiers 


TrET-O-LITE demulsifying chemicals were developed and 
pioneered to enable producers to reclaim profitably other- 
wise unmarketable emulsified crudes. Refiners also use 
TRET-O-LITE emulsion-breakers to salvage usable oil trapped 
in ‘“‘tank-bottoms’’, thereby gaining valuable storage 
capacity lost when tank-bottoms accumulate. TRET-O-LITE 
demulsifying chemicals are effectively used to reclaim 
usable oils from refinery waste disposal systems and sepa- 
rator traps. 

If oil and water emulsification is causing an operating problem 
in your refinery, call Tretolite. 


TRET-O-LITE* Desalting Chemicals 


The Tretolite Company pioneered the use of chemicals in 
crude oil desalting, and developed the first desalting system 
in which chemicals provided emulsion destabilizing action. 


Refiners all over the world now rely on Tret-0-LITE for 
efficient, economical desalting performance. 

Tret-0-LITE Desalting Chemicals also are widely used in 
chemical-electric desalting, as well as chemical aid to 
electric desalting when certain adverse treating conditions 
are encountered. 


Ask your Tretolite Refinery Service Engineer about the economy 
of Tret-o-LiTE Desalting Chemicals. 


KONTOL* Corrosion Inhibitors 


Konrtot Corrosion Inhibitors are liquid organic semi-polar 
compounds available in a variety of formulas. They adsorb 


*Registered trademark of Petrolite Corporation 


PETROLITE 


CORPORATION 


TRETOLITE COMPANY 


IVI SON'S 
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at metal surfaces to form an impervious corrosion-inhibiting 
film. Konrot Corrosion Inhibitors prevent corrosion in 
refinery equipment by protecting against attack by chlorides, 
sulfides, organic acids and hydrogen blistering. They are 
effective detergents and provide an economical means for 
maintaining cleanliness and heat transfer efficiency in 
condensers and exchangers. 


Konto Corrosion Inhibitors have been cutting maintenance 
costs for refiners for many years. Complete information is 
yours on request, 


TOLAD* Fuel Additives 


Totap Fuel Additives are ashless, totally oil-soluble com- 
pounds. They stabilize color in heating oils and diesel 
fuels. They effectively disperse the insoluble solids which 
form sludge and impair burning qualities. 


Toxap additives have excellent water tolerance character- 
istics which prevent loss to water bottoms in fuel storage. 
They are available as inhibitor or inhibitor-dispersant 
formulations. ToLaD is approved, and used, by leading 
railroads. 

Get all the facts on this new Tretolite product. In test after 
test, ToLaD has provided better fuel stability at lower cost. 
Why not prove this to your own satisfaction—and profit. 


For complete information on these, or any Tretolite 
Company product or service, ask the 
Man in the Red Car, or write 





SUBSIDIARY AND AFFILIATED COMPANIES 


CANADA, Edmonton, Alberta « ENGLAND, London 
GERMANY, Frankfurt, a. M. «© VENEZUELA, Caracas 


REPRESENTATIVES 
ARGENTINA, Buenos Aires + BRAZIL, Rio de Janeiro «+ COLOMBIA, Bogota 
ITALY, Rome + JAPAN, Tokyo «+ KUWAIT, Kuwait « MEXICO, Mexico, D. F. 


NETHERLANDS, The Hague «+ PERU, Talara « TRINIDAD, Port of Spain 


FA-60-3A 
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Mr. R. L. Tollett, President 


Cosden Petroleum Corporation 


“Another Cosden milestone... built by Badger.” 


Custom refining has been, and still is, Cosden’s 
principal business. But we recognize the wisdom of 
versatility. Thus, in the early 50’s we boldly 
launched into the promising frontier of petrochemi- 
cals with the construction of facilities for producing 
high-purity aromatics. 

Our carefully planned campaign of diversifica- 
tion progressed, and in 1957 Cosden initiated the 
world’s first integrated program of producing sty- 
rene from crude oil. The tall towers of our newly 
completed styrene monomer plant became a land- 
mark and proved that high-purity ethylbenzene, 
forerunner of styrene, can be recovered by ultra- 
fractionation of a mixed xylenes feedstock. This 
unique “styrene from gasoline” process was jointly 
developed by Cosden and Badger and is now being 
licensed by Cosden, subsidiary of W. R. Grace & Co. 


BADGER MANUFACTURING COMPANY / INTERNATIONAL DESIGNERS* ENGINEERS 


BOSTON - NEW YORK « HOUSTON + TORONTO, CANADA « THE HAGUE, HOLLAND 


Demand for styrene monomer has intensified 
since Badger Manufacturing Company designed, 
engineered and constructed that unit, the harbinger 
of our polystyrene plant. With our successful joint 
venture a matter of record and world-wide interest, 
it was only logical that we turned to Badger last 
year to expand our styrene facilities. Again Badger 
executed the job, which included installation of a 
UOP Alkar unit. 


Our line of petrochemicals has grown steadily 
since we embarked upon this field, and the horizon 
is unlimited. We acknowledge with thanks the role 
Badger has played. 


Bf Oh 
x ef 7 


* CONSTRUCTORS 


* LONDON, ENGLAND « BRUSSELS, BELGIUM « PARIS, FRANCE « GENEVA, SWITZERLAND 
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ALKYLATION PROCESS — 
FOR MIXED FEEDS! 
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STRATCO 


EFFLUENT REFRIGERATION* ALKYLATION 


Best Economics 

Highest Alkylate Quality 
Lowest Acid Consumption 
Easiest Mechanical Operation 


Least Reboiler Fouling 


* Licensed by Stratford Engineering Corporation 


STRATFORD. . perroteum rerininG ENGINEERS 
ENGINEERING 
CORPORATION 


612 West 47th St. Kansas City 12, Mo. 


REPRESENTATIVES 


D. D. Foster Co., Pittsburgh, Pa. Lester Oberholtz, Los Angeles The Rawson Co., Inc., Baton Rouge 
D. D. Foster Co., S. Charleston, W. Va. Rawson-Houlihan Co., Inc., Houston F. J. McConnell Co., New York 
Rawson-Houlihan Co., Inc., Beaumont, Texas 
AS60R 
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THE BEST WAY...THE SWEPCO WAY 


THE PIPE 
YOU JUST 
ORDERED 


SiZeE RANGES: 


242” - 12” in Schedules 40 and 80 in 20’ to 24’ lengths 
5” - 12” in Schedules 5 and 10 in 20’ to 24’ lengths 


autHorizen SweP DIS itRisea 1 Ves 
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THESE PARKER TUBE FITTINGS | 
MEET YOUR EXACT NEEDS 


Processing demands specific fittings— 
not a “general” type 


Parker covers every specific processing application with a fitting 
built for the job. There’s inexpensive “Intru-lok”’ for instrument 
air .. . husky ‘‘Ferulok” for high pressures in steel and stainless 
steel. “Both are positive, bite- -type fittings. For complete corrosion 








WHERE HIGH TEM- 
PERATURE, pressure 
or the nature of the 
process demands a per- 


FOR INSTRUMENT 
AIR, use “Intru-lok®” 
brass and aluminum 
tube fittings with the 
captive ferrule you 
can’t lose. For copper, 
aluminum, Nylon and 
“Parker-POL” polyeth- 
ylene tubing. Simple, 
compact, easy to install, 
inexpensive. Ask for 
Catalog No. 4324. 


manent joint, Parker 4 


“Weld-lok®” is used. 


Note socket design that 


aligns and holds tube 
ends until you are ready 
to weld. Shelf stocks in 
steel and stainless steel ; 
available in aluminum. 
Ask for Catalog 4370. 


resistance, new “‘Ridg-lok”’ is 100% of type 316 stainless. 
Where flared tubing is used, the Parker 37° ‘“Triple-lok”’ is the 


acknowledged leader, available in any practical metal. 


combines ease of assembly and streamlined flow. 


For extreme temperature conditions at any pressure, ‘“Weld-lok”’ 


**Braze-lok”’ 


withstands somewhat less heat, but is even easier to assemble and 


can be disassembled when necessary. 





BRAZED JOINTS are 
completely reliable for 
high pressures at tem- 
peratures up to 500°F. 
when Parker “Braze- 
lok®”’ fittings are used. 


HIGH PRESSURES 
require ‘‘Ferulok®”’ 
heavy-duty flareless 
fittings with the visible 
bite that lets you make 
sure you have safe 
make-up. Usable with 
heavy-wall tubing. Ex- 


cellent vibration resist- 
ance. Stocked in steel, 


stainless steel; avail- 
able in Monel. Ask for 
Catalog No. 4320. 


COMPLETELY COR- 
ROSION RESISTANT 
“Ridglok’’ fittings are 
all stainless steel (type 
316). Unique ferrule de- 
sign provides safe, 
dependable non-flare 


| grip.Ferrule“foolproof”’ 


—identical ends make 
it impossible to put in 
backwards. Ask for 
Catalog No. 4322A. 


Complete specifications 
and engineering help 


are available from your 
nearby Parker distrib- 
utor. Find him through 
the Yellow Pages, or 
write us direct. 


They come with silver 
alloy brazing rings as 
shown, and are stocked 
in steel and stainless 
steel; available in 
Monel and cupro-nickel. 
Catalog No. 4375. 
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Parker FITTINGS AND HOSE 


DIVISION 


ARKER 
ANNIFIN 
CORPORATION 


PNeumaTic AND Hyorautic SYSTEM COMPONENTS 


17325 Euclid Avenue « Cleveland 12, Ohio 


3200. PHb 


EUROPEAN DIVISION « PARKER-HANNIFIN N.V. « SCHIPHOL+ THE NETHERLANDS 
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7 While you are viewing this evidence of steel 
construction that went right on during Philadel- 
phia’s snowy winter, our prefabricating specialists 
are enjoying an additional 12,000 sq.ft. of work- 
ing area. This helps us maintain the traditional 
quality of the Mitchell product, and it ups the 
capacity and the speed of our service to you. 
On your next critical piping job ... ask us in. 


W. K. MITCHELL & CO., INC. 
WESTPORT JOINT Philadelphia 46, Pa. 


MITCHELL PING 


PIPING FABRICATORS AND CONTRACTORS 
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POWELL MAKES IT A SIMPLE MATTER 


performance. It’s built-in through sound engineer- 
ing, development, materials and workmanship. 


To find the right valve, for the petroleum industry, 
just call Powell. It’s that simple, since Powell offers 
industry’s most complete selection of valves in 
bronze, iron, steel, and alloys to control the flow of 
water, oil, gas, air, steam and corrosive fluids. 


What’s more, you don’t have to wonder about Powell 





as a 


So, remember, finding the right valve can be a simple 
matter when you specify Powell Valves. For further 
information, call your nearby Powell Valve Distributor 
(there’s one in every major city), or write us direct. 


115th year of manufacturing industrial valves for the free world 


POWELL PEROLEUM VALVES 


THE WM. POWELL COMPANY CINCINNATI 22, OHIO 
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NEW 
CHIKSAN 


SPRING BALANCED 


Bevel iiic 
ARM=— 


Here is a series of loading arms that 
is built to deliver solid performance 
right around the calendar. Outstand- 
ing new compression spring design 
offers finger-weight flexibility, yet the 
arm will-not creep or sag when re- 
leased. Springs are housed in a sturdy 
weatherproof steel case. Balance ad- 
justments are accomplished with a 
hand wrench. The swivel joints on 
the arm have the dependability that 
has been associated with the name 
Chiksan for 30 years. Get the facts. 
Write for Bulletin 1-61. 


FEATURING NEW 
TOTALLY ENCLOSED 
COMPRESSION 
SPRING — 


eolgehaaenen nares 


or counterweis 


MAIL COUPON TODAY 


f > 
ay 


gf 


4 MODELS FOR 


PETROLEUM SERVICE 


Select from a com- 
plete line. All models 
—Folded Arm, Sliding 
Sleeve (shown above), 
Toh adelssmm mel-lel-lae-lile| 
Long Reach are avail- 
able in 2, 3, and 4- 
inch sizes. Each 
model is a complete, 
ready for service, unit. 


2 MODELS FOR 


CHEMICAL SERVICE 


wy 


‘ 


For loading or unload- 
ing virtually any 
chemicals, Chiksan 
offers a standard 
group of arms 
equipped with its DS 
series swivel joints. 
Available in Folded 
Arm model or Sliding 
Sleeve unit (shown at 
left). 


WANT TO CONVERT 
EXISTING EQUIPMENT? 


ys 


CHIKSAN COMPANY 


( ksan Base Arm 
Sect ns permit oper 
e € xist 

t B iS¢ Arm 

e available 

sizes of 


Riser 


330 North Brea Bivd., Brea, Calif. 


Please send me your Bulletin 1-61. 


Nome 


Title 


OOO 


Address. 


Offices and Representatives in Principal Cities of the World 
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Heat exchangers, towers, vessels, tonks and other process equipment, large or 
small, single or by the scores, standard or special, are fabricated at Chiyoda’s 
Kawasaki Factory with the most modern fabricating and testing equipment. 
With an integrated organization staffed by specialists in every field plus 
lower man-hour costs, Chiyoda assures clients of early delivery, low mainte- 
nance cost, high operating efficiency and long life. 

For your process equipment requirements anywhere in the world, contact 
CHIYODA. 


"Process Plants & Equipment Specialists” 


CHIYODA 


CHEMICAL ENGINEERING & 
CONSTRUCTION CO., LTD. 


PRESIDENT A. TAMAKI 

No. 3, MARUNOUCHI 2-CHOME, CHIYODA-KU, 
TOKYO, JAPAN 

Cable Address: "“CHIYOTAKA TOKYO” 
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Du Pont 4", News 


Number 108 in a series of bulletins for the Petroleum Industry 


WHAT’S 
PLAYING 

AT THE MOVIES 
TONIGHT? 


Chances are, if it hasn’t already ar- 
rived at your local movie house or 
drive-in theater, the oil industry’s 
new travel development movie will 
soon appear in your marketing area. 
It’s called “Down the Road.” It’s 
a full-color, CinemaScope featurette 
narrated by Lowell Thomas and 
sponsored by the Du Pont Petroleum 
Chemicals Division to stimulate 
American families to greater interest 
in the grandeur and heritage of this 
nation. International distribution is 
being made by 20th Century-Fox. 


Highway Adventure 


For ten minutes, the screen becomes 
a thrilling coast-to-coast highway 
adventure — cruising through the 
Canadian Rockies, the sands of Day- 
tona, the Painted Desert, a little 
village in New England... . visiting 
great cities like New York and New 
Orleans... watching parades and 
football games...sampling the 
riches of America’s culture and his- 
tory in a breathtaking series of flash- 
ing scenes. 

All this is made possible by the 
family automobile, the magic carpet 
of the American public. This Du 
Pont film also includes scenes show- 


ing the importance of the service 
Continued on next page 


A scene from the motion picture, “Down 
the Road.” Film encourages families to 
visit the scenic and historic beauties of 
the American continent. 
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Du Pont RP-2 controls pipeline 
corrosion for $0.0011 per barrel 


Every scraper run through a product 
pipeline costs you too much. 

Every hour lost in pipeline 
throughput, every filter replacement, 
every barrel of product made hazy 
by pipeline rust—they all cost you 
too much. 

There is an inexpensive way to 
cut these losses. As little as 1 to 3 
pounds of Du Pont RP-2 corrosion 
inhibitor, added to every 1,000 bar- 
rels of distillate, protects against 
pipeline rusting. 

Example: In a recent test, metal 
strips were inserted in a pipeline at 
various intervals up to 750 miles 
from the refinery. With only 2 
pounds of RP-2 per 1,000 barrels of 
gasoline ($0.0011 per barrel), 
corrosion control was satisfactory 


throughout the system. Many of the 
strips were entirely rust free even 
after 30 days. 


Marketing Advantages, Too 


What’s more, this is the same RP-2 
that (at slightly higher dosages) 
you can use to add several marketing 
advantages to your product — anti- 
stalling, carburetor-cleaning and 
surface ignition control. 

RP-2 is effective in automotive 
gasolines, fuel and diesel oils, avia- 
tion gasolines, jet fuels and other 
petroleum products subject to pipe- 
line transportation. 

Details on this low-cost anti-cor- 
rosion protection are available from 
your Du Pont Petroleum Chemicals 
representative. 


OVER . 
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Continued — Movies 





station in keeping the family auto- 
mobile running properly. 


You Can Tie In 


If you are interested in tying in your 
own travel promotion with this 20th 
Century-Fox film (as many oil com- 
panies already have) , your Du Pont 
representative will gladly give you 
full information on show dates in 
your market areas. 

Prints of a second Du Pont film 
are available for group showings and 
for television use. It is called “High- 
way Holiday”, and is also available 
through your Du Pont Petroleum 
Chemicals representative. 





EASTERN 
REGION 
TECHNICAL 
MANAGER 


GEORGE A. FINN is Technical Man- 
ager of our Eastern Region, head- 
quartered in New York City. 

Dr. Finn has been with Du Pont’s 
Petroleum Chemicals Division since 
June of 1953. Prior to his present posi- 
tion, he was assistant to the Technical 
Manager in the Eastern Region. Ear- 
lier, he was Manager of our Gulf Coast 
Laboratory in Houston, Texas. 

In the past eight years, he has had 
extensive experience in working with 
petroleum products and additives in 
the division’s Gulf Coast and Eastern 
Laboratories and in the main Petro- 
leum Laboratory located at Carney’s 
Point, N. J. 

Currently, Dr. Finn is active in help- 
ing a number of refineries and gasoline 
marketers to evaluate the various anti- 
knocks now available, and to decide 
which are most economically feasible 
to provide desired octane numbers. 
Having experience with all three major 
antiknocks, TEL, TML and Tertra- 
MIx* antiknock compound, Dr. Finn 
can give impartial help on all anti- 
knocks. 

Dr. Finn is well qualified to help oil 
refiners. He holds a B.S. degree from 
Holy Cross, a Ph.D. from Notre Dame, 
and has considerable practical experi- 
ence in petroleum technology. 


* Trademark 


One man can easily carry an armful of 
lengths of “Delrin” acetal resin pipe. The 
2” pipe in 100 mil thickness, weighs only 
one-half pound to the foot. The pipe 
comes in 20-foot lengths, can be field-cut 


easily to special lengths. 


r 


ag aga 
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New lightweight pipe now 
helps oil men save money 


‘What this industry needs,” it has been 
said, “is a corrosion-resistant, light- 
weight pipe for flow lines, gathering 
lines, water flood lines and salt water 
disposal lines.” 

Pipe dream? It was, until the recent 
arrival of a new kind of plastic pipe 
from Du Pont. It’s “Delrin” Acetal 
Resin Pipe, the first and only plastic 
pipe yet made which can withstand 
continuous pressure surging, even in 
the presence of oil. 

“Delrin” pipe is unique in that it 
actually grows stronger, under continu- 
ous surging to a peak pressure, than 
when subjected to the same peak pres- 
sure under steady, non-surging 
conditions. 


Corrosion Resistance 


This pipe resists corrosion, of course — 
inside and out. It is strong in the pres- 
ence of oil even at high temperatures. 
It is tough. It resists solvents. It resists 
weather and withstands underground 
burial. 


SALES 
Chicago 3— 

8 So. Michigan Ave 
Houston 2— 

705 Bank of Commerce Bldg...CApitol 5-1151 
Los Angeles 17— 

612 So. Flower St 
New York 20— 

45 Rockefeller Plaza 
Philadelphia 2— 

3 Penn Center Plaza.......... LOcust 8-3531 
Pittsburgh 22— 

1 Gateway Center ATlantic 1-2933 
San Francisco 4—111 Sutter St.. EXbrook 2-1934 
Seattle 3—4003 Aurora Ave. N. . MElrose 2-6977 
Tulsa 1—1811 So. Baltimore Ave.. LUther 3-8581 


RAndolph 6-8630 


MAdison 4-1354 


212-CO-5-2342 


Even sour crude oil and salt water 
have no corrosive effect on “Delrin” 
pipe. 

Yet, it is lightweight and can be 
quickly installed in the field. Integral 
joints are made by a simple heat-fusion 
process, taking only about 25 seconds 
to complete —and the pipe can be 
operated at full pressure immediately 
afterward! 


Other Savings 


Shipping, storage and handling of 
“Delrin” pipe mean savings for you. 
Extensive test installations at eight 
leading oil companies have helped to 
prove out these advantages. Results 
of those tests led to the recent com- 
mercial introduction of this pipe by 
the Du Pont Company. 

If you would like further informa- 
tion on the economies of “Delrin” 
acetal resin pipe, please write to: 
Du Pont, Polychemicals Department, 
Wilmington 98, Delaware. 


OFFICES 


In Canada—Du Pont of Canada Limited, Petro- 
leum Chemicals, 85 Eglinton Ave. East, Toronto 
12, Ontario HUdson 1-6461 
OTHER COUNTRIES: Petroleum Chemicals 
Division, Export Sales, Wilmington 98, 
Delaware PRospect 4-5009 


Better things for better living 
... through Chemistry 


Du Pont Lead Antiknock Compounds and other Petroleum Additives 


¢ OVER 


ADVERTISEMENT — Prepared for the Petroleum Chemicals Division of E. I. du Pont de Nemours & Company (Inc.) 
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Refractory insulating 


concrete linings i, 
keep cats cracking a 


Refractory insulating concrete, bonded with LUMNITE calcium-aluminate 
cement, is being used more and more to line regenerators, cyclones, 
strippers, catalysts and reactor transfer lines of fluid catalytic cracking 
units. On stream in FCCs across the country, these industrial concrete 
linings will resist severe erosion and abrasion caused by catalyst fines 
... resist attack by acid condensate...and provide insulation at high 
temperatures. 

Installation of monolithic concrete linings is fast, easy, economical 
— whether cast in place, gunited or plastered. Concrete reaches service 
strength in 24 hours. 

For added convenience, castables bonded with LUMNITE cement are 
available from leading manufacturers of refractories. These are pack- 
aged mixtures, ready for use with just the addition of water. For more 
information, write Universal Atlas Cement, 100 Park Avenue, New York 
a7, %. ¥. 

OFFICES: Albany - Birmingham - Boston - Chicago - Dayton - Kansas City « Mil- 
waukee - Minneapolis - New York - Philadelphia - Pittsburgh - St. Louis - Waco 


“USS™, “Atlas” and ““Luminite’’ are registered trademarks L-215 


Universal Atlas Cement 
Division of 
United States Steel 
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ENGINEERED 
TEFLON PRODUCTS 
for Petroleum Refining 


Apply Garlock 5875 Tefion-impreg- 
nated Packing{ to centrifugal and 
rotary pump shafts, valve stems and 
expansion joints, and reciprocating 
rods, rams, and plungers ... a pre- 
mium packing at regular packing 
prices. 


tPatent applied for 


NEW GARLOCK TEFLON* PUMP PACKING 
COSTS 40% LESS! 


Through an improved manufacturing 
technique, Garlock offers a Teflon-im- 
pregnated LATTICE BRAID} Pack- 
ing at a reduction of approximately 
40% over the price of similar competi- 
tive packing. Designated Garlock 
5875, this packing can be purchased at 
prices comparable to regular packing. 
Enjoy premium benefits without a pre- 
mium price. Garlock 5875 offers a high 
Teflon content—more than 30% by 
actual weight—for greater protection, 
reduced wear. In temperatures from 
—90° F to +500° F, Teflon-impreg- 
nated LATTICE BRAID Packing 
is recommended for use against mod- 
erately destructive and corrosive min- 
eral acids and caustics. For more de- 
structive and corrosive applications, 
Garlock 5888 Teflon-treated fiber 
packing is recommended. Teflon, too, 
is as “frictionless” a material as you 
will find; this greatly reduces wear to 
the packing itself, and to any moving 
parts that it contacts during normal 
operation. 

Specialized construction provides longer 
life, less maintenance. Garlock 5875 
Packing is made from Teflon-impreg- 
nated white asbestos yarn, woven in 
the superior LATTICE BRAID con- 
struction. Here, each strand of treated 
yarn is intertwined at a 45° angle 
through the packing body. This com- 
pletely integrates the structure for 
greater strength and, unlike ordinary 
square or round braid, eliminates indi- 
vidual layers of yarn—layers that, 
once worn through, destroy the useful- 
ness of the packing. Without a layer 
or single outer braid to wear through, 
LATTICE BRAID remains unified 
without disintegrating far beyond the 
limits of other packings. 

Enjoy fast delivery from warehouse stock. 
Garlock 5875 Packing is immediately 
available in sizes from 14” through 5%” 
in either spool or reel form to meet 
your specific needs; also available on 
order in ring form in these sizes. 
Specify now from your local Garlock 
representative at the nearest of the 26 


GARLOC K 


For more data on advertised products, use Readers’ Service Cards, last page. 


Garlock sales offices and warehouses 
throughout the U.S. and Canada. Or, 
for more information, write for Cata- 
log AD-185, Garlock Inc., Palmyra, 
New York. 

Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket 
Company 

Order from the Garlock 2,000 . . . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products. 


*DuPont Trademark for TFE Fluorocarbon Resin 
tRegistered Trademark 


PETROLEUM REFINER—V ol. 40, No. 5 





How Sneed 





ID 


HOKE REPORTS ON FLUID CONTROL 





WE'VE TOSSED A NEW BALL INTO AN OLD GAME 





A VALVE NAMED 
“DESIRE” 


With apologies to Tennessee Wil- 
liams, we realiy have produced a 
Solenoid Valve line based on your 
desires. We surveyed all the solenoid 
valve users we could find to deter- 
mine what you wanted. The result is 
Hoke’s “User Designed” Series 90 
and 95, two-way and three-way, di- 
rect-acting solenoid valve line. 
Thanks to you, we have much to 
brag about. Here’s what we have 
been saying about these new valves: 
lightest weight — smallest size — no- 
hum operation —lowest temperature 
rise — lowest power consumption — 
stainless steel plunger — silver AC 
shading coils—easiest installation — 
packless construction — 360° rotata- 
ble housing—operates in any position, 
We make them 
of forged brass or 
stainless steel, in 
Ye” and 4” NPT 
size or JIC tube 
ends. There’sa @ 
variety of 
AC and DC 
voltages. Class 
“A” coils are 
standard, but 
Class “H” are also 
available for tem- 
peratures above 
212°F. For those 
with high insurance rates, we can 
supply explosion proof coil housings. 
Now that we’ve bragged a bit, we 
must also apologize for our prema- 
ture enthusiasm. We were so excited 
about this product that we stirred up 
a hornet’s nest of interest before we 
were ready to deliver in quantity. 
Shipments were slow at the start, but 
now we can have any reasonable 
quantity of these “desirable” sole- 
noid valves “on-stream” in your 
plant when you want them. 
There’s only one way to get con- 
clusive performance proof — buy a 
valve. Ask for Bulletin SV-4-61. 





A STEADY 
FLOW OF FACTS! 


Further flow features, and inter- 
esting technical topics are care- 
fully covered in Hoke’s technical 
publication, the FLOW SHEET. 
It’s free, but worth millions! To 
get the full benefit of our engi- 
neering and editorial efforts six 
times a year, mark your “X” in 
the proper box. 
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The technique of molding 
polyvinyl chloride into ball 
valve parts is old hat. Even the 
unplasticized compounds of 
type I PVC have been kicked 
around for a while (with minor 
successes). But until now, no 
one has booted the ball for 
a goal. 


Perseverance, determination, 

and the pursuit of economic 
reward have prompted us to 

offer a line of ball valves 
molded of the toughest grade 

of type I, unplasticized PVC. 

There are no foreign agents to 
contribute to a corrosive demise, even 
in most caustic services. It even meets 
the proposed new ASTM specification 
and has a tensile strength of 8500 psi. 
Those who have had PVC piping 
problems will profit from the new 
molding process that gives these 
Hokes dimensional stability and very 
high impact strength. Sensitive 
systems, human and otherwise, are 
safe from contamination —they’re ab- 
solutely non-toxic. We’ve set 140°F. 
as the operating temperature limit, 
but occasional excursions to 160°F. 
won’t do any harm. 


All standard models are supplied with 
a concentric hole drilled thru the ball. 
They can be heat welded, or solvent 
bonded right in the line. Piping hook- 
up is even simplified by their coupling- 
like assembly. Your assistant can fit 
each half of the valve to a pipe end, 
then reassemble the valve without 
having to turn the pipe. Pressures to 
125 psi are duck soup for these valves. 


A maintenance man’s delight, they 
can be cleaned and have their seats 
changed without leaving the pipe. 
Their light weight makes them ideal 
for use on long, unsupported spans 


of pipe. 


ig wise, we’re offering them in ¥%, 


, 1, 1%, 2, and 3 inch sizes, all NPT 
aie connections. 


You will command the eternal admi- 
ration of your colleagues when you 
install these valves. Be the first to 
show your rightful status by ordering 
a shiny new Hoke polyvinyl chloride 
ball valve. If pride of ownership 
hasn’t motivated you at this point, 
the mere fact that you are behind the 
scientific times should move you to 
find out more. 


It isn’t necessary to tell us why you 
want the additional information. 
Just check the coupon below. We'll 
forward the facts in a plain, brown 
envelope. 





’61 PRODUCT PARADE 


You’d be surprised at some of 
the screwball ways our valves 
have been used (to decided ad- 
vantage, of course). Hoke dis- 
tributors are armed to their 
maxillary third molars with this 
method madness and will re- 
design your systems (incorpo- 
rating solenoid valves and PVC 
ball valves) at the drop of a 
ostcard. Check the PROD- 
CT PARADE box. 











Hoke’s Performance Guarantee -- Every Valve Leak-Tested! 


HOKE, INCORPORATED 


167 Piermont Road, Cresskill, N. J. 


Send me complete information on the Hoke products checked below: 


TITLE 





(0 PVC Ball Valves NAME 


(0 Solenoid Valves 
COMPANY 





( Product Parade 


C) Flow Sheet ADDRESS 





(0 Complete Catalog 
acess city 


STATE 








SEE OUR CATALOG IN SWEETS PRODUCT DESIGN FILE 
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RPK Process Pumps 


for handling hydrocarbons such as crude oil and its many distillates and 
derivatives at temperatures ranging from —165 to 850F = —110 to 450C. 
These pumps are available in 22 sizes designed to ensure efficient 
performance at all operating points usually encountered, and special 
attention is paid to optimum NPSH values. 

The great variety of operating conditions and the continuity of the 
production processes in refineries and the petrochemical industry are 
met by special design features that include 

ready access to the interior of the pump for inspections and overhauls 
without having to lift the volute and the prime mover off the bedplate, 

the possibility of interchanging any type of shaft seal without the 
efficiency being impaired and without the necessity of modifying the 
standing parts, 

a reduction in the number of spare parts that have to be stocked by 
application of the unit construction principle so that the components of 
many sizes are identical. 


Klein, Schanzlin & Becker Aktiengeselischaft, Frankenthal (Pfalz) Germany 





7 powerful steps to 


Into one end of this big reactor flow 
refinery streams almost worthless as 
automotive fuels. Out the other end 
runs a river that’s rich in high-octane 
alkylate. 

Squatting atop the reactor are seven 
50-hp LIGHTNIN Mixers. From each 
one, a turbine-equipped steel shaft 
reaches down to whip into an emul- 
sion the isobutane feed, the recycle 
olefins, and the viscous sulfuric acid 
catalyst. 

Mixing is the heart of this process. 
With the LIGHTNIN Mixers, every 
cubic inch of each reaction zone gets 
a violent, steady churning. Controlled 
turbulence instantly disperses the in- 
coming olefins. It keeps the emulsion 
homogeneous, prevents separation of 
hydrocarbon in any part of the 
reactor, promotes acid economy and 
light alkylate yield. 


high octane 


At this one refinery, 28 of these big 
LIGHTNIN Mixers run day in, day out 
on alkylation reactors. At other 
refineries, many more LIGHTNIN Mix- 
ers handle the same vital mixing job. 

To earn this acceptance, MIxco 
engineers studied alkylation processes 
intensively, made detailed model 
tests of agitation flow patterns in 
simulated reactor systems; applied 
specialized knowledge of the correct 
loading of mixer impellers to operate 
under varying reactor conditions. 

The same mixing technology is 


ready to work for you when you spec- 
ify LIGHTNIN Mixers—whether for a 
new process, for blending 180,000 
barrels of product, for keeping sedi- 
ment off the bottom of crude storage 
tanks, or for any of the thousand and 
one jobs LIGHTNIN Mixers do every 
day in refineries. 

Your LIGHTNIN representative can 
give you quick, competent help on 
fluid mixing. He’s listed in Refinery 
Catalog and in the yellow pages of 
your telephone directory. Or write 
us direct. 


“Lightaim Mixers-— 


MIXCO fluid mixing specialists 
MIXING EQUIPMENT Co., Inc.,164-eMt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronto 19, Ontario 
In Europe: Lightnin Mixers, Ltd., Poynton, Cheshire, England 








7 - — a | EW scrubber 


ADJUSTABLE 
ORIFICE 


for ultra-efficient 
dust and fume 


control 


THE DUCON TYPE VO 


Onichone scrusseR 


@ 50% less space requirements than other 
high energy scrubbers. 


@ Higher operating efficiency at 
lower horsepower. 





Adjustable orifice maintains peak efficiency 
when operating conditions vary. 


ATOMIZED ie 5 Economical in first cost and operating cost. 


WATER Simplicity of design permits economical alloy 


construction or acid brick lining. 


WATER INLET . 99% efficiency below 2 micron and in 
sub-micron range. 
j 


GAS-LIQUID SLUDGE OUTLET PIPE The Ducon Type VO Oriclone Scrubber—the only high energy 
SEPARATING BAFFLE scrubber with an adjustable orifice—is the most effective and 
most economical dust and fume collector for a wide range of 
industrial applications, including recovery of catalyst dust, 
cupola dust and fumes, acid mists, tar fog and many others. 


the The Oriclone Scrubber is a completely integrated unit that 
name in 


pang performs the entire separation cycle. No subsequent collector 
s 


CONtrol is needed. 
Pending Send today for detailed information on Oriclone. 


D} U C 0 n Canadian Branch: 
THE COMPANY une. 


THE DUCON COMPANY of CANADA, Ltd., 
147 EAST SECOND STREET > MINEOLA, L.!1., NEW YORK 1131 Pettit St., BURLINGTON, ONTARIO 


eet Sy m 
* DUST VALVES 
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Every day... 


more 
and MORE 
oil 
companies 


turn to 


OIC 


valves 


. . . because OIC has developed valves to solve the 
special problems of the oil and gas industry . . . valves 
built for continuous operation and lower maintenance 
cost. A variety of experience-proved materials and de- 
signs are available to meet the exacting needs of this 
industry in the field, in the refinery and gasoline plants 
wherever oil and hydrocarbons are being produced, 
processed or transported. Standard valve trims are 
available for highly corrosive and severe pressure-tem- 
perature operating conditions. Get acquainted with 
your local OIC distributor. He is equipped to help you 
with all your valve problems. 





BETTER VALVES AND BETTER SERVICE FROM OIC DISTRIBUTORS 


THE OHIO INJECTOR COMPANY a 
271 Main Street, Wadsworth, Ohio 

Please send more information about 

lron( ) Bronze( ) Steeli( ) Ductile tron ( ) Valves. 

Name. 
Cc 








ld 7 
FORGED STEEL, CAST austen 
STEEL, BRONZE, IRON 
AND DUCTILE IRON VALVES City. 























March Makes 144 


If it’s a pressure gauge, dial thermometer, or needle valve, Marsh 


makes it...makes it in every form to suit every need...makes it better in the 


opinion of thousands of discriminating users. Only a few key products are 


illustrated here, but hundreds are described in Marsh Catalogs. Ask for infor- 


mation covering the product or products in which you are interested. 


PRESSURE GAUGES 


‘*Mastergauge’’—the world’s 
mosteffective pressure gauge 
for extreme service. 


Vapor tension thermom- 
eters—direct mounted type. 
Many sizes; ranges. 


‘‘Master-test’’—"Master- 
gauge” quality in a gauge for 
services requiring high ac- 
curacy. 


DIAL THER 


Distant reading thermom- 
eters—vapor-tension and gas 
filled types in many sizes; 
ranges. 





Alloy steel—complete series 
of sizes and patterns. Pres- 
sures up to 10,000 psi. 





D THRO 


416 Stainless steel—com- 
plete series of sizes and pat- 
terns in 416 stainless. Pres- 
sures up to 10,000 psi. 





Quality series—second only 


to ‘‘Mastergauge” and “Mas- - 


ter-test'’ for tough conditions. 


OMETERS 


Piping thermometers—spe- 
cially designed for piping. 
Types for all purposes, in- 
cluding distant reading. 


TLING VALV 


316 Stainless steel—com- 
plete series of sizes and pat- 
terns in 316 stainless. Pres- 
sures up to 6,000 psi. 





Standard series—best mod- 
erate-priced gauge for run- 
of-plant conditions. 





od. 
| | 


Duct thermometers—spe- 
cially designed for all condi- 
tions including distant 
reading. 


Panel mounted—all vaives— 
alloy steel, 416 stainless, and 
316 stainless—available in 
panel mounted types. 


For more data on advertised products, use Readers’ Service Cards, last page. 


MARSH INSTRUMENT COMPANY, Dept. R, Skokie, Ill. 


Division of Colorado Oil and Gas Corporation 
Marsh Instrument & Valve Co., (Canada) Ltd., 8407 103rd St., Edmonton, Alberta, Canada. 
Houston Branch Plant, 1121 Rothwell St., Sect. 15, Houston, Texas. 
Eastern Seaboard Warehouse: Marsh Instrument Company, 1209 Anderson Ave., Fort Lee, N.J. 
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we make 





... nothing else 











v 


ALOYCO' 111 Gate Valve for 150 Ib. service 
features double disc ball-and-socket wedges 
They are free to rotate and are non-fouling 
in any position which insures tight closure 
There are Aloyco valves and alloys 
designed for every type of corrosive service 


SPECIALIZATION! Isn't it reasonable to believe that the 
one company with experience, facilities, research and 
service all devoted to a single product is your best source 
of supply? The modern Aloyco foundry, for example, is designed 
i Comm olgolelelol-melal-m-1ale mm 8) cele i 0 loi ame)alh oan 8) a-1-s-10]a-mdl-4ane 
Stainless Steel Valve castings of the finest quality. 


Longer Lasting 
IW oh n-th of 8-0 e -) Nol liken a-mmeotol nyu name J) f) Y (> f) 


LINDEN, NEW JERSEY 7 VALVES 





me TRY THIS SIMPLE 
QUIZ ABOUT 
THE RDC COLUMN 


1. R.D.C. stands for 


[] a) Rapid Dispersion Column 
C] b) Recycle Displacement Column 
(] c) Rotating Disc Contactor 





2. RDC Columns are made by 


C] a) 6 different manufacturers 
(1 b) by one manufacturer 
Cj c) by 10 manufacturers 





3. The RDC column has been used for 


| £) a) Separation of Hafnium from Zirconium 
| (J b) Caustic extraction of acids from organics 
(] c) Caffein and vanillin extraction 




















4. The RDC column can be used for 
[] a) liquid-liquid extraction 

() b) liquid-solid extraction 

Cj c) liquid-slurry extraction 


3. The RDC column has which of these 


advantages 


(] a) High volumetric efficiency 
_] b) No interstage coalescing or external settling 
L) c) Low power requirements 


Answers 
1. (C) Rotating Disc Contactor 


2. (B) RDC columns are made only by the Turbo-Mixer Division of General 
American Transportation Corporation for all industries except petroleum. Man- 
ufacture is licensed under Shell Development Corporation patents. 


3. (A), (B) and (C). For a complete list of typical systems in service, contact 
General American. 


4. (A), (B) and (C) again. The RDC column is one of the most versatile tools 
available for extraction processing. 


5. (We did it again—all three are correct). 


If you’d like more information on the RDC column and 
the many advantages it offers, send for Bulletin T-1159. 
You'll find it pays to plan with General American. 


Process Equipment Division—Turbo-Mixers 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
\{ Wy 135 South LaSalle Street * Chicago 3, Illinois 
| Offices in principal cities 
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NALCO ANTIFOULING ADDITIVES 


ESSENTIAL TO ANY COMPLETE DEPOSIT CONTROL PROGRAM 


CRUDE 
CHARGE 





Absorption 


Naphtha 
5-10% 


Atmospheric 
and Vacuum 








Depropanizer Stripper 


and Absorber 
THE NALCO PROGRAM 


~ Probe 


NALCO Desalting Chemicals 
to re € inorganic ¢ 
Debutanizer 


NALCO Corrosion Inhibitors 


- Probe 
NALCO Antifouling Additives 


rgan 





Coker Tower 








Coking Side 
Gasoline 


5-10% 


Fouling deposits in refinery process units have 
long been a costly problem to refiners. Increased 
maintenance costs, increased fuel costs, reduced 
throughput, and more frequent shutdown, all take 
away from profits. These troublesome deposits, 
however, can be reduced or eliminated with a care- 
fully planned program. 


Such a program, to be totally effective, must be 
a three-way attack on deposit formation. Desalting 
chemicals, corrosion inhibitors and antifouling ad- 
ditives individually may reduce deposit formation 
to a degree. To reduce fouling substantially, how- 
ever, a combination of all three is essential. Each 
part of the program performs a separate and neces- 
sary function: 


Desalting chemicals—remove inorganic salts 
from the crude, thus eliminating a major 
source of the inorganic components in de- 
posits. 


Corrosion inhibitors— prevent the formation 
of corrosion products, another major source 
of inorganic deposits. 


Antifouling additives —inhibit formation of 
long-chain polymers which are the organic 
component of deposits, and disperse existing 
particles. 


ORGANIC FOULING— 

THE MAJOR CAUSE OF DEPOSIT FORMATION 
Long-chain, high-molecular weight polymers are 
the real villains in fouling deposit formation. They 
not only form deposits themselves, but also serve 
as a binder for inorganic salts and corrosion prod- 
ucts to form dense, insoluble masses. Inhibiting 
the formation of these polymers and dispersing 
existing polymers are the key factors in deposit 
control. Nalco antifouling additives perform these 
functions! 
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Storage Tanks 


Feed Splitter 


Butane | 





Desulfurizer Reactor 











To Reformer He 











Deposit Analysis-lron, Organic 


THE NATURE OF ORGANIC FOULING AND ITS CONTROL 


Fouling is the result of oxidation reactions involv- 
ing unsaturated compounds and nitrogen and sul- 
fur compounds usually present in the stream. 
These reactions form high molecular weight poly- 
mers which agglomerate and become insoluble in 
the refinery stream. Nalco antifouling additives 
inhibit these reactions, thus reduce polymer for- 
mation. 

Nalco antifouling additives are more than stabi- 
lizers. They are also dispersants, which prevent 
agglomeration of already formed polymers so that 
they remain soluble in the refinery stream. 


FOULING PROBLEMS? CALL NALCO 


Is fouling eating into your company’s profits? Call 
Nalco! Your Nalco representative has at his dis- 
posal not only effective antifouling, desalting, and 
corrosion inhibiting chemicals, but also the knowl- 
edge and experience it takes to help solve your 
problems. In addition, the facilities and technical 
staff of Nalco’s petroleum chemical laboratories 
back him up. With these tools he can help you 
improve your profit picture by reducing downtime 
and improving unit efficiency. Write for Nalco files 
G-3, “Refinery Corrosion Control,” G3a, “Refinery 
Fouling Control,” and G6, “Desalting and Emul- 
sion Breaking.” Then call your Nalco representa- 
tive to help you start the Nalco Program. 


NALCO CHEMICAL COMPANY 
6259 West 66th Place ° Chicago 38, Illinois 


Subsidiaries in England, Italy, Mexico, Spain, 
Venezuela and West Germany 
In Canada: Alchem Limited, Burlington, Ontario 


®... Serving Industry through 
Practical Applied Science 


For more data on advertised products, use Readers’ Service Cards, last page. 








A NEW ADDITION TO THE 
SonAac LINE 


ad ORY WW A'S 
ULTRASONIC 
LEVEL 

CONTROL 





Now, two new ultrasonic sensors, especially for level con- 
trol have been added to the Delavan line of sonac sensing 
and switching devices. 


The single sensor system is recommended for liquid level 
control and the double sensor system for dry level control. 


Control is maintained by installing the sSONAC sensor 
through the wall of the vat, bin or hopper. When the oscilla- 
tion on the face of the sensor is dampened or impeded by 
the material being sensed, the signal to the control unit 
changes, activating a relay. 


FIG. 2—DRY LEVEL (Two Sensors) 


For level control, sonac is accurate to .005” and has a 
response time of 25 milliseconds. Performance of the sensor 
does not deteriorate with age. 


FIG. 1—LIQUID LEVEL (One Sensor) 


The level control uses to which sonac can be applied are 
virtually unlimited. It is not affected by the viscosity*, 
specific gravity, conductivity, or capacitance of the material 
being sensed. Temperature or pressure changes of the ma- 
terial do not alter its performance. False signals are elimi- 
nated because SONAC may be adjusted so as not to sense 
steam, foam, or vapors. 

*Viscosity may affect response time. 


Canadian Representative: 
KNOWLES & FOSTER (North America) Ltd. 
708 Terminal Bidg., Toronto 1, Ontario, Canada 








ULTRASONIC SENSOR 


| 
| 
| 
| 
| 
l | 
| ao i 


DELAVAN 


Hi 
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SONAC is extremely rugged. Sensors are type 304 stainless 
steel. The electronic components in the sensors are her- 
metically sealed and will withstand pressures to 2000 psi 
and temperatures from —425° F. to +450° F. They are 
immune to shock, vibration or mechanical damage. 


The control is a compact unit 5” x 5” x 5” and features 
transistor circuitry. Power consumption is one watt and 
the unit will operate in temperature ranges from 40° F. 
to 135° F. 


Sensor Lens 


| <+—— Sensor Sleeve 


The compact single SONAC sensor usually is inserted 
through the tank wall, as indicated in the above drawing. 
It can be arranged in other ways, too. 


There are dozens of applications for SONAC single and 
double sensor units. Let it go to work for you now, write: 


DELAVAN 
A lanufiactta ung Company. 


WEST DES MOINES « OWA 


DELAVAN 








Fight fires from any angle... 


WITH ROCKWOOD SPECIALTY 
TURRET NOZZLES 





Getting The Upper Hand... 


we 











Ls ; ? 

Rockwood Extended Manual Control Turrets can 
be located 10 to 20 feet above a remote control 
station on the ground. Greater discharge range 
increases their fire fighting coverage. Higher 
extensions are engineered for special applications. 
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On the ground, on trucks, or 
towering over the flames, 
Rockwood Turret Nozzles are 
valuable fire fighting aids for use 
in refineries and chemical plants. 

In fact, Rockwood makes the 
most complete line of specialty 
turret nozzles on the market. 
Every type is designed to fight 
fire four ways: with solid FOAM 
stream, FogFOAM, WaterFOG 
or solid water stream. And all are 
easily adjustable to meet chang- 
ing fire conditions. 

Throughout the country these 
Rockwood advancements are 
proving they can hit fires harder 
and faster. Find out how well they 
can protect your own plant. For 
an illustrated booklet on this 
complete line, write to Rockwood 
Sprinkler Company, Portable 
Fire Protection De- 
partment, 511 Harlow 
St., Worcester 5, Mass. 


Fock wor 


ROCKWOOD SPRINKLER 
COMPANY 


A Division of The Gamewell Company 
A Subsidiary of E. W. Bliss Company 


Engineers Water 
...t0 cut fire losses 


Distributors in all principal cities 








Fighting Fires Four Ways 





Rockwood Direct Manual Control Turrets give 
fire fighters “‘on deck” control from their cab 
roofs. 





A Remote Manual Control Turret is easily 
handled by a man in the driver’s seat. Ideal for 
fast action. 





The Remote Hydraulic Control Type, single or 
dual model, is power controlled from within the 
cab. Widely used on crash rescue trucks. 





The Portable Type goes off the truck and into 
action in seconds — wherever hose lines can be 
brought into action. 
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PROCESS PIPING STANDARDS HAVE CHANGED 


IT WILL PAY YOU TO BE UP-TO-DATE 


If you’re familiar with the latest issue of the Code for 
Pressure Piping ASA B31.3, you know process piping 
standards have changed. Pressure-Temperature oper- 
ating conditions should be re-evaluated. Now your 
specifications can take advantage of economical light 
wall pipe and improved Speedline fittings design to 
meet the most critical process line requirements! 


Once you “up-date” your specifications via this new 
code, important cost savings follow down the line. 
Savings in materials cost are definite—Schedules 5 and 
10 stainless pipe simply costs less. Speedline fittings 
design accounts for significant additional savings in the 
total installed cost. 


The Speedline “extra length’’ feature makes it easier 
to butt-weld joints . . . assures faster, truer alignment 
every time because connections are always made 
“straight to straight’’. All types of flanged connec- 
tions, too, can be made more readily . . . without foul- 
ing problems—even welding can be eliminated with 
Speedline Insert Flanges—just roll them on. 


Speedline’s design advantages give complete freedom 
of choice—you can butt-weld, flange, socket weld or 
use unions . . . and one fitting can be used all ways 
when Speedline is specified. 





Real economy in process piping is a matter of speci- 
fications—and Speedline fittings. Make the most of 
both. Study ASA B31.3-1959 for up-to-date data on 
light wall lines for your application. Get detailed data 
on bonus savings possible only with Speedline corro- 
sion-resistant fittings. The Speedline Distributor near 
you is listed on Page 1494 of Chemical Engineering 
Catalog. Call him today. 


| Specdine / CORROSION-RESISTANT FITTINGS 
® 


STAINLESS STEEL * ALUMINUM ® SPECIAL ALLOYS 





A PRODUCT OF HORACE T. POTTS COMPANY * 566 E. ERIE AVENUE, PHILADELPHIA 34, PA. 
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now ...UOP offers 
18 ADDITIVES for petroleum 
product quality control 


From Down-hole to engine combustion there is a UOP 
additive or combination of additives for the efficient 
protection of your petroleum products. 


OXIDATION INHIBITORS 


LUBRICANT ANTIOXIDANTS 


CORROSION INHIBITORS 


COPPER DEACTIVATORS 


FUEL OIL ADDITIVES 


UOP PRODUCT 
SPECIALISTS 


Universal maintains a staff of 
product specialists located in 
strategic areas of the world. These 
specialists are available to analyze 
your product quality problems and 
recommend the most effective and economical 


lution. Call or write 
ee Son ae ee eee UNIVERSAL OIL PRODUCTS COMPANY 


Products Department. 
30 Algonquin Road, Des Plaines, Illinois, U.S.A. 


® WHERE RESEARCH TODAY MEANS PROGRESS TOMORROW 
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Men in white clean and sterilize Adsco Expansion 
Joints with steam and detergents, dry, and hermetic- 
ally seal them in polyethylene bags. At an Air Force 
Titan missile base, system contamination is less than 
25 parts per million, with no particle larger than 150 
microns. 

Cleanliness of this magnitude reveals the slightest 
imperfection. The construction of these expansion 
joints which glisten like diamonds is revealed as not 
just good, but perfect; one slip could bring disaster. 
When special designs and/or services with quality 


workmanship and dependability are required... call 


on Adsco. 


For more data on advertised products, use Readers’ Service Cards, last page. 
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ADSCO 

EXPANSION JOINTS 
BEING SCRUPULOUSLY 
CLEANED BEFORE 
OPERATION 


ADSCO DIVISION 


20 MILBURN STREET 


BUFFALO 12 NEw YORK 


YUBA CONSOLIDATED INDUSTRIES, INC. 
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EVERYWHERE it is necessary to heat 
or cool in the modern refinery and proc- 
essing plant, there are routine and 
special jobs for welded steel and stain- 
less steel heat exchanger tubing by The 


Where does Standard Tube Standard Tube Co. Our specialty is heat 
Ls 6 xChanger tubing. We have the facilities 


Heat Exchanger Tubing (including hydrostatic and eddy current 


fit into the picture? testing) ...the tube industry’s most mod- 
ern plant. The personnel...most of our 


“tubemen” have been with us for years. 
It all adds up to high quality at lower 
cost when you specify STANDARD 


Welded Tubing. Write for brochure No. 5. 


r= « 


=): NESE eae 














Over 40 years specializing in Quality Welded Tubing. 


THE STANDARD TUBE CO. 


DETROIT 39, MICHIGAN 
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HUNDREDS 
OF Xp /t/4 
SALESMEN 
BESI YOU . 






































E Through REFINERY CATALOG, hundreds of in- 
dustry suppliers maintain sales representatives at 
your convenience 24 hours a day, the year round. 
Complete or condensed catalogs, detailed descriptive 
and comparative information on Refining Industry 
products and services, indexing and cross-indexing 
... the REFINERY CATALOG offers all of these features 
to make your buying or specifying job as fast and 
efficient as possible. 

You can dispense with a roomful of suppliers’ 
literature. In one complete, easy-to-use buying-refer- 
ence, REFINERY CATALOG provides efficient, finger-tip 
control of the buying and specifying functions. 


-,. 24 hours a day! 


Take advantage of the unique, indispensable 
service offered by the 1,000-page REFINERY CATALOG. 
Reach for the industry buying handbook the next 
time you buy or specify equipment or services. 


Included in the current ReFinery CATALOG is a new 


feature—the 128-page A*S’*A Refinery Piping Code 


REFINERY CATALOG 





Grayloc Pipe Connections Save 13 the Space 


GRAYLOC® pipe connections are up to one-third 
smaller than flanged connections with comparable 
maximum pressure ratings. They save wasted space — 
cut unit weight and assembly time drastically. 

An all steel assembly, GRAYLOC employs a 
pressure aided seal that can be assembled or discon- 
nected in minutes. The heart of the assembly — the 
seal ring —is completely reusable. 


yehtebeliby 





Taper angle of seal-ring 
lips is slightly less than 
that of mating hubs. Tight- 
ening clamp causes seal- 
ring lips to deflect, form- 
ing seal by spring action 











Although GRAYLOC connections are manufac- 
tured in standard stock sizes from 1” to 30”, special sizes 
for special applications are available on request. Cor- 
rosion resistant metals can be provided on short notice. 

You can use GRAYLOC connections in your piping 
system. They'll save you maintenance and assembly 
time, space and money. To learn how, write for the 
new GRAYLOC catalog. 


GRAYLOC SALES DIVISION 


DD Fel Compary 


P.O. BOX 2291 


For more data on advertised products, use Readers’ Service Cards, last page. 
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COOL LIQUIDS OR GASES, condense va- 
pors with TRANE Fluid Coolers, using air 
as the cooling medium. Unit shown is 
vertical discharge. Horizontal types also 
available—both in induced and forced 
draft arrangements. 


Lower erection costs, operating costs 


.. with versatile Trane Fluid Coolers! 


Air-cooling now solving water supply @ Low first cost. Erection is simpler; fan, motor and 


gearbox are factory-aligned on a single metal base. 


problems for many refineries petro- Framework parts are pre-drilled, match-marked. Com- 
p) 


pact, simple, TRANE Coolers can often be installed on 
chemical and natural gasoline plants —*°°": “utting real estate costs. 


. Lower operating costs. Equipment needs only periodic 
More and more engineers and plant designers are cleaning of fin-tube surface. No need for special crews, 


finding that air-cooled heat exchangers eliminate water maintenance facilities or spare parts. And TRANE Fluid 
i \ ed with Coolers have a life expectancy of 15-20 years—com- 
supply and maintenance problems encountered wit pared with 7-10 years for cooling towers. 


conventional cooling towers. These engineers report ee * i ion ‘in " 
: : ‘ ‘ uperior performance. TRANE Coolers available wit 

a substantial net reduction in over-all cooling costs Admiralty stainless and carbon steel tubing to meet the 

and water consumption. Here are some of the ways most exacting specifications. Units are now in use in 


. . Canada and Bermuda—meeting extreme weather 
TRANE Fluid Coolers are helping to solve heat transfer conditions. They also solve the problem of corrosion 


problems in many refineries and plants: caused by salt-air atmosphere. 


WANT MORE FACTS? | itt] 4 For any air condition, turn to 
New Catalog S-395 has complete 


specification and application " 

data on TRANE Fluid Coolers. “| ~ 
For your copy, write lpi 
TRANE, La Crosse, Wisconsin. oe 


Or just call your nearby 


TRANE Sales Office. MANUFACTURING ENGINEERS OF AIR 


CONDITIONING, HEATING, VENTILATING 
AND HEAT TRANSFER EQUIPMENT 


THE TRANE COMPANY. LA CROSSE. WIS. * SCRANTON MFG. DIV... SCRANTON, PA 
« CLARKSVILLE MFG. DIV.. CLARKSVILLE, TENN. « TRANE COMPANY OF CANADA 
LIMITED, TORONTO « $7 U. S. AND 19 CANADIAN OFFICES 
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wy NEW SLANTS ON HEAT PROCESSING FROM SELAS 


Oxo-Synthesis Gas 
and hydrogen 
produced simultaneously 


in new Guu) furnace 


An outstanding feature of Gulf Oil Corporation’s 
new oxo alcohol plant in Philadelphia, Pa., is 
the unique design of the Selas furnace which 
permits simultaneous production of synthesis 
gas and relatively pure hydrogen, in one fire- 
box containing no internal partition walls. 

A variation of the Selas GRADIATION® furnace 
widely used for ethylene and hydrogen produc- 
tion, this design utilizes DURADIANT® burners 
which focus energy on the process coil, thereby 
permitting use of two or more process coils— 
operating at different conditions—in the same 
firebox. 

Through use of multiplicity of strategically- 
located burners in the Selas furnace, horizontal 
bands, or zones, of radiant energy are created. 
Result: close control of critical tube wall tem- 
peratures down the length of the vertical catalyst- 
packed tubes in the process coil. 

Two similar Selas furnaces will soon go into 
oxo-synthesis service in other petrochemical 
installations. 

Technical details on the application of this 
type Selas unit for production of hydrogen, 
methanol-synthesis gas, and oxo-synthesis gas 
are contained in a paper “Catalytic Steam Re- 
forming of Light Hydrocarbons For The 
Production of Hydrogen and Synthesis Gas,” / 
presented by Selas engineers at the A.I.Ch.E. aS 4 | ; 2M ee 
annual meeting, February 26, 1961, in New & hee ~.eaeneidl louie RE ag ac en gt me 
Orleans. 

Copies of this paper are available. Write to 
Mr. R. J. Kenard, Fluid Processing Division. 


rs 


“tT 
: 


SELAS CORPORATION OF AMERICA 
75 Dreshertown Road, Dresher, Pa. 


EUROPEAN SUBSIDIARY: Selas Corporation of America, 
European Div., S.A., Pregny, Geneva, Switzerland 
INTERNATIONAL AFFILIATES—Benelux, Canada, England, 
France, Germany, Italy, Japan, Portugal, Spain. 


GRADIATION and DURADIANT are registered trademarks HEAT AND FLUID PROCESSING ENGINEER 8 


of Selas Corporation of America. 


DEVELOPMENT / DESIGN /CONS TRUCTION 
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Send for New data on 
GROVE Reducing and 
x) i Back Pressure Regulators 


Pardini =) a 


FOR PILOT PLANTS and REFINERIES 


GROVE SMALL VOLUME REGULATORS 
Small, hand adjusted, panel mounted 
models 16 and M6300 class for 
reducing and back pressure service. 
Feature nylon diaphragms or Kel-F 
on special order. 18/8 stainless for 
all parts in the flow stream. 


GROVE MITY-MITE® REGULATORS 
Miniaturized, extremely accurate. 
Reducing model 94W features nitrile 
rubber diaphragm, Viton diaphragms 
on special order. Back pressure Model 
90 has nitrile rubber diaphragm, 

91 features Teflon diaphragm. 
Aluminum alloys or 18/8 stainless. 


GROVE FLEXFLO® REGULATORS 


For reducing, back pressure and relief 
service. 2”*to 12”. Self-operated, pilot- 
operated or use with Grove electric, 
pneumatic or hydraulic operators. 


GROVE POWREACTOR® REGULATORS 


Self-contained, direct acting reducing 
regulators. Type W, externally dome loaded. 
Proved in critical aerospace propellant 
handling systems. Wide range of 

body and diaphragm materials. 


7081 


Please send me Technical Data on these Grove products for Pilot Plants 
e ROV F at EG U w-Wae) RS and Refineries. 


( ) Grove #16 and M6300 Class Loaders ( ) Grove Flexfio 
[3 


GROVE VALVE AND stents COMPANY ( ) Grove #90, 91, 94W Mity-Mite Regulators Grove Powreactor 


9A Hollis Street, Oakland 8, Ca a Name. 





Company 
Address 
City 





























Six marked differences 
make Elliott turbines a better buy 


Why are Elliott YR turbines your best choice for 
mechanical drives? Some of the reasons are described on 
the opposite page. These are tangible reasons why you 
can expect dependable, economical operation with little 


care or attention. 


With more than 50 years’ experience in mechanical- 
drive turbines up to 50,000 hp; with the most complete 
line of field-proven machines; with engineering and serv- 
ice facilities nationwide: Elliott is clearly ‘“Turbine 
Headquarters.”’ Write for bulletin H22-D. 


E,, ELLIOTT COMPANY 


apd) sn Midesadil GENERAL OFFICES: JEANNETTE, PENNSYLVANIA 
PLANTS AT: Jeannette and Ridgway, Pa.; Springfield, Ohio 


TURBINES + GENERATORS 


MOTORS + COMPRESSORS 


TURBOCHARGERS + EJECTORS * STRAINERS + TUBE CLEANERS 








si ” See 
Precise alignment of shaft, through true centerline sup Simple, positive direct-acting speed,governing system 
rele) a eum ol-1a enti e-Me-janlele) came-laleMmel-Jel-ialel-leli-me)el-1¢-dlelale-1 ame it i-Mme[-J0]-ialel-]e)(-Mmmud-1-1Gal-1a9 ©) gele) Mmm-[orel) | ¢-1¢-mme~1-] 01-1 e-) 0M tals) 
operating temperatures. gives positive overspeed protection. : 


These features mean 
dependable, economical 
turbine operation: 


1. True centerline support 
2. Positive speed control 
3. Accessible shaft seals 
4. Inexpensive bearings 
5. Optional hand valve 

6. Full protection 








Accessible shaft-seals simplify mainte- Inexpensive liner-type bearings readily 
iarclale-e-lalemaelehdlal-Mial-)e)-1e4dlo]ape Ole)'s-1¢-04-1-1el ih installed with no scraping, fitting fold 
ig -Taalehz-re muah darelehareit-ja0laellal-mer-t-1lal-m EYonIVL-scnal-lah@ia-te ll ia-tem } 
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» 
Steam-saving hand valve with pilot, which can,be opened All-weather protection is standard for Elliott YR turbines. 
against full steam pressure, reduces steam consumption They shrug off heat, snow, moisture, dust or contami- 


at partial loads. far} ¢-10 M-b eaalel-jelal-la-8 | 


YOU CAN ORDER MORE THAN 


40 different 


HARSHAW 
PLU ORIDES 


It makes no difference whether you order cylinder, tube 














trailor, or tank car quantities, shipments roll out daily. 


Ammonium Bifluoride Lead Fluoborate 
Ammonium Fluoborate Lithium Fluoride 
Barium Fluoride Metallic Fluoborates 
Bismuth Fluoride Nickel Fluoborate 
Boron Trifluoride (Gas) Potassium Bifluoride 
Boron Trifluoride Complexes 


Potassium Chromium Fluoride 


Cadmium Fluoborate Potassium Fluoborate 


Chromium Fluoride ? . 
Potassium Fluoride 

Copper Fluoborate 

Fluoboric Acid 


Fluorinating Agents 


Potassium Titanium Fluoride 


Silico Fluorides 


lain a te BER ae inl 


Silicon Tetrafivoride 


Sodium Fluoborate 


Frosting Mixtures 

Hydrofluoric Acid Anhydrous 
Hydrofluoric Acid Aqueous Tin Fluoborate 
Hydrofluosilicic Acid Zinc Fluoborate 


Laboratory Fluorine Cells Zinc Fluoride 


Ree a EE eae F 


Each shipment incorporates the knowledge gained during 
more than 45 years as a major producer of Hydrofluoric Acid. 


Write for your free copy of M.C.A. Chemical Safety Data 
Sheet SD-25 on properties and essential information about 
.-» HYDROFLUORIC ACID Anhydrous and Aqueous. 


THE HARSHAW CHEMICAL CO. 
1945 EAST 97th STREET + CLEVELAND 6, OHIO 


Chicago «+ Cincinnati + Cleveland + Detroit + Hastings-On-Hudson 
Houston + Los Angeles + Philadelphia + Pittsburgh 


SPIT 
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COMPRESSOR 























when you discuss 


your compressor system, 


what does P3ZARR mean to you? 


THE WORD HAS MANY DEFINITIONS 

PAR to the golfer means the number of strokes allotted 
per hole or for the round of golf. 

PAR to the investor is the established nominal value of 
a security or certificate of stock. 

PAR can be an amount which is taken as an average or 
mean...an average level, etc. 

Possibly the only connotation you might place on PAR 
is the expression that it’s either up to PAR or not up to 
PAR, meaning up to standard. 


BUT THERE’S ANOTHER MEANING TOO 
At Ingersoll-Rand Company we like to think of PAR in 


Air-cooled compressors 1/2 through 125 horsepower 


Type 30 Compressors 
1/2 through 20 hp 
pressures to 250 psi 


Type 40 Compressors 
25 through 125 hp 
pressures to 125 psi 


terms of a “PLANNED ANNUAL REVIEW” of a 
customer's air power system. The newest, most efficient 
air-operated devices are only as effective as the power 
that drives them, and usually low air pressure is the 


reason for equipment not functioning properly. 


An Ingersoll-Rand AlRengineer will be happy to help 
you plan present or future air requirements and keep 
you abreast of the latest developments in tools and air 
systems. He will make sure you get the biggest dividend 
on your payroll dollars from a carefully PLANNED 
ANNUAL REVIEW of your air power system. Let us 


schedule a PAR for you now. 


Ingersoll-Rand 


248A3 11 Broadway, New York 4, N.Y, 


OTHER I1-R COMPRESSORS TO 7500 HP—PRESSURES TO 5000 PSIG. 
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Thousands going up the stack? 
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Reduce Fiaring Losses 
Control Air Pollution 


with the “Anemotherm”’ Probe-Type Gas Flow Meter 


You can stop profits from going up the flare stack with the 
new “Anemotherm” Probe-Type Gas Flow Meter. This electronic, 
stainless steel instrument quickly locates points of loss... Look into ee ileieues all” 
accurately measures gas flow from 10 to 15,000 FPM with a scale Se ie ea” 

. ; the ““Anemotherm” Gas 
range of 500 to 1. Refineries report savings of thousands of Flow Meter. For 
dollars per day. 


complete engineering data 
The new “Anemotherm” Gas Flow Meter offers many exclusive ee for — 
features. Sixteen probe meters can be connected to one strip ee 

recorder so that flow in sixteen process lines can be observed and 


; ® 
recorded by one instrument. The probe is self-compensating for 
ambient temperature and can be used in gas streams to 300°F. 
The probe has fast response, is corrosion resistant and 
a ning abe ota titan MGR ANEMOSTAT CORPORATION OF AMERICA 


streamlined. Accuracy is + 5% of meter reading. The 
6 99 P E ‘ 10 East 39th Street, New York 16, N. Y. 
Anemotherm” Gas Flow Meter is easy to install and easy to clean. Repeennennven ta Oetnatnns Giten 


| NEW ANEMOTHERM 
GAS FLOW METER 


aci369 





on 
Oakite Ss 59 = 
saves 400 manhours 
in cleaning 


heat exchangers 


Exchangers at Cat crackers “A” and “B” were both running 
fractionater bottoms through the tubes as well as gas oil on 
the shell side. The tube sides were OK, but shells became 
fouled with carbonized oil. The four tube bundles on “A” 
Cat were pulled and vat cleaned. Results: excellent. Cost 
$2730. 


Then Oakite was called in to discuss in-place cleaning. 
An ECP* program was drawn up for the whole refinery . . . 
including a recommendation to clean tube bundles by chemi- 
cal circulation. Arrangements were made for rental of circu- 
lation equipment by which a solution of Oakite 77 was 
pumped through the shells for 8 hours, and rinsed. 


Results: again, excellent. Heat transfer coefficient was 
nearly identical to Cat “A”. Savings in manhours: 400. Sav- 
ings in dollars: $1595 ... almost $400 per bundle. 


WHAT IS OAKITE ECP*? It’s an Engineered Cleaning Pro- 
gram* that stresses chemical cleaning. It’s engineered spe- 
cifically for your refinery, for your cleaning problems, and 
for each cleaning operation—tower by tower, valve by valve. 


The Oakite specialist lends personal and experienced 
supervision to each phase of the program. He supplies de- 
tailed instruction based on practical knowledge of refinery 
cleaning needs. Each Oakite ECP is backed by a /aboratory 
concentrating on chemical cleaning research by materials 
known to make short work of refinery soils, by proved meth- 
ods. Send for Bulletins. Oakite Products, Inc., 50B Rector 
Street, New York 6, N. Y. 


Sire ae ean, 


Export Division Cable Address: Oakite 


: “i hi * 6 : ‘ 
OAKITE Technical Service Representatives in Oakite al I csv ) 


Principal Cities of U. S. and Canada 


4 : 
NU) 100 SED — -your-economy key 
‘years’ leadership in industrial cleaning 
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ON-SITE WITH PROCON 


For more data on advertised products, use Readers’ Service Cards, last page. 


Procon-built Hydeal unit 
on-stream in 95 days! 


3uilding a complicated process unit from 
the ground up requires the skillful 
coordination of a multitude of design, 
engineering, procurement and 
construction details. 
It takes plenty of work, but most of all 
it takes time. Procon needed just 95 
days from groundbreaking to on-stream 
acceptance of this Hydeal™ unit 
built for Signal Oil & Gas Company, in 
Houston, Texas. This highly efficient 
Hydeal unit produces 1,000 barrels-per-day 
of high quality benzene from a 
toluene charge. Signal markets the 
benzene direct to users in the Southwest. 
New plant construction, expansion 
or modernization, whatever the 
requirement, you can trust the entire 
job...safely to PROCON. 











1111 MT. PROSPECT ROAD, 
DES PLAINES, ILLINOIS, U.S.A. 


PROCON INTERNATIONAL S.A., CHICAGO. ILL.. U.S.A 
PROCON (CANADA) LIMITED, TORONTO. CANADA 
PROCON (GREAT BRITAIN) LIMITED, LONDON. ENGLAND 
PROCON PTY. LIMITED, SYONEY, AUSTRALIA 
PROCOFRANCE 5.a.R.L., PARIS. FRANCE 

PROCON LIMITADA, SAO PAULO, BRAZIL 

PACIFIC PROCON LIMITED, MANILA, P. 1 
VICAPROCON, S. A., CARACAS, VENEZUELA 
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PASIEST OPERATING mlicin 

RICATED PLUG VALVE YOU 

THRUST OF SINGLE-UNIT PLUG AND STEM IS 
ACCURATELY CON om TROLLED WITH AD- 
JUSTABLE BALL BE §@ ARING ASSEMBLY... 
WITHOUT INCREASING OPERATING TORQUE. 


GUIDANCE Walworth maintains a fleet of mobile service FTondlolammer-1im 200i a sell, 7eladam melelaler-hd-teM adit) -ms-1 i), -ey el orl itt 
Vr ath <-Mmaat-lelal-ce Mmm o) mmm 0] olalor-hdlela Mm 40] -10 6am f-[encel@ 2a ee-llal-0| " or write: Walworth Lubricated Plug Valve Division,) 2517 
specialists equipped to service your valves anywhere Polk Avenue, P. O. Box No. 18211, Houston 23. Texas 
—review your maintenance needs anywhere “g 








-and instruct your men on site—anywhere. For VENUE, NEW YORK 17, NEW YORK 





WALWORTH SUBSIDIARIES: Alloy Steel Products Co. §§ Conoflow Corporation & Grove Valve and Regulator Co. BM & H Valve & Fittings Co. Southwest Fabricating & Welding Co., Inc, 
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1 Generous wheel clearances: AA 
—rim clearance, B—blade clearance, CC 
—side clearance. Blades can’t foul as 
they are protected by rims. Rubbing at 
AA will do no damage. Side clearance 
is so large (about one inch) that end-play 
from excessive external thrust cannot 
damage wheel. 


2 Blade wear is of little conse- 
quence. In a Terry solid-wheel turbine, 
the steam enters the buckets at right 
angles to the shaft. As its power-produc- 
ing action takes place on the curved sur- 
faces at the backs of the buckets, wear 
does not materially affect horsepower or 
efficiency. 


WO REASONS WhY 


this turbine seldom sees down time 


ee ' + 


. = 
' 


To prevent costly shutdowns for repairs, Terry builds bonus 
reliability into each solid-wheel turbine. Two of the ways in which 
this is accomplished are shown in the diagrams at the left. 


Further details of these simple, fool-proof turbines are illustrated 
and described in bulletin S-116. If you do not already 

have a copy of this publication, send for one today. No 

cost or obligation. 


THE TERRY STEAM TURBINE CO. 


TERRY SQUARE, HARTFORD 1, CONN. 
11-1217 
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accuracy 


ASHCROFT DURAGAUGES measure pressure with precise accuracy 


no matter how severe the conditions of service 


The Bourdon tube in Ashcroft Duragauges is 
manufactured to precision standards of flexi- 
bility and mono-linked to the rotary move- 
ment. When pressure flexes the tube, the 
gauge pointer is always positively positioned, 
because it is mounted on the geared center 
shaft of the movement. Sustained high accu- 
racy and long life are assured. 


Choose your Ashcroft Duragauges made of 
components best suited to your needs. Eight 
Bourdon tube materials are available. Move- 


MAXWELL 


M 


TRADE MARK 


A product of 


MANNING 
IN| JUOOW 9 


Ashcroft Duragauges are avail- 
able in pressure ranges from 
15 psi (or vacuum) minimum to 
100,000 psi. Dial sizes: 44%" 
through 12”. 


Sustaine 


ment of stainless steel with nylon bearings 
and pinion gear for longest wear. Case mate- 
rials: special aluminum alloy or tough phenol 
plastic. 


The unique “Maxisafe*”’ Duragauge provides 
absolute protection to the viewer, plus easy 
and quick access to the mechanism. Your in- 
dustrial supply distributor will help you select 
the best combination of components for your 
Ashcroft Gauge requirements. Phone him 
today or write for Catalog 300B. 


ASHCROFT PRESSURE GAUGES 


MANNING, MAXWELL & MOORE, INC. 


Gauge and Instrument Division + Stratford, Connecticut 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N. Y. 
Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 
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FLO-BALL VALVE INSTALLATION IN MAJOR 
PULP MILL IN LONGVIEW, WASHINGTON 


| 
\ | 


sid 


Ten months ago one of the nation’s largest producers placed 
10 months ago ten 6-inch and 8-inch stainless steel FLO*BALL control valves 
x into throttling service in its Longview, Washington plant. Ten 
. months of continuous throttling service, without one minute of 
‘ down-time, is history-making news in any industry. 
T ese These FLO-BALL valves have never required maintenance! 
Never plugged up, jammed or seized. Backlash was dead zero. 
So was liquid leakage, resulting in complete elimination of stock 


control valves “ws 
No maintenance—no down-time—exact repeatability—means 


dependable automation is now possible in your plant. 


AUTOMATED Characteristics: Controllers: Low pressure pneumatic, 


Maximum Cy hydraulic, electro-hydraulic, electric. 
100:1 rangeability. 





Materials: Carbon Steel, 316 Stainless 


Sizes: 2”, 3”, 4”, 6”, 8”, 10”, 12”, Steel, teflon seats and seals. Other 
Du p con rod 150# and 300# ASA, materials available on request. 
= 











BLOOMFIELD, N.J. © PILGRIM 8-7000 © TWX=BLOOMFIELD, N. J. 120 


Call or write for complete information today. 
. | : 
Not one minute of down-time yet | pu ydromatics, Inc. 





= 7 a. 4. 
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WORKING 
ON OUR 


second million 


OVER 1,000,000 


PANALARM 


ANNUNCIATORS 
are in process 
industry 
operations 


More Panalarm Annunciators are specified and used because of: 


Assured Reliability due to: 


100% Inspection for all components, both in production and final 
assembly. 


Complete testing of each annunciator system before shipment. 
Assured Reliability due to: 
e Ultrasonic cleaning. 


e No in-service gassing—moisture and destructive volatile materials 
eliminated by high vacuum oven baking. 


Plug-ins are filled with inert gas and hermetically sealed under 
pressure. 


Extra safety margin for Class 1 Division 2 applications provided by 
electronic halogen leak detection. 


After millions of operations, max. continuous contact pressure and 
uniform gap spacing are assured by beryllium copper contact springs. 


e Hi temp cured TEFLON-covered coils. 


Panalarm maintains a large staff of annunciator engineering specialists 
to assist with special annunciator design and application problems. 
Sales and engineering offices are in all principal cities. 

Your inquiry will receive prompt attention. 


DIVISION OF INCORPORATED 


7401 N. Hamlin Avenue, Skokie, Ill. » Phone ORchard 5-2500 
Annunciators + Control Panels + Data Systems 
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Honeywell Bellows Meter brings 


Six of many ways you can use the bellows meter 


As a Recorder or Integrator— Recorders can have one, two As Recording Controllers—You can get recorders with 
or three pens, with the second and third pens actuated by pneumatic ON-OFF, 10% Throttlor, 150% Throttlor with 
thermometer or pressure elements. A single-pen recorder manual reset, or Air-O-Line (150% proportional band- 
is shown above. You can get integration, too. plus-automatic reset) control. A single-pen pneumatic 
Write for Specification S 292-2a. controller with integral bypass is shown above. 


Write for Specification S 292-2a. 

















As a Non-indicating Pneumatic Transmitter—Use this 
non-indicating transmitter when you don’t need indication 
at the point of measurement, and when the measured 
variable is to be transmitted to remotely located instruments. 
Write for Specification S 230-1, 


As an Electric Transmitter—You can use this ElectriK 
Tel-O-Set electric flow and liquid level transmitter with 
indicators, recorders, and controllers, with data handling 
systems, or with millivolt receivers. Field indication, as 
shown, is optionally available. 

Write for Specification FS 301-7. 
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new versatility to flow or liquid level measurement 


As an Indicating Pneumatic Transmitter—Gives you in- 
dication at the point of measurement, plus pneumatic 
transmission. Easy-to-read scale, and large indicating 
pointer. Case is only 4 by 7 by 9 inches. 

Write for Specification S 230-1. 


As a Dial Indicator—Six-inch dial indicator gives easy, 
accurate readings at point of measurement. This meter- 
indicator is designed specifically for field indication. 

Write for Specification S 224-1. 


You can use the Honeywell Bellows Flow 
Meter as a recorder, controller, indicator or 
transmitter . . . pneumatic or electric. Use it 
for accurate, low-maintenance metering of 
flow—for steam, water, gas, oil or other 
fluids—or for liquid level measurement. In all 
of its many forms, with all of its performance 
advantages and operating economy, it is the 
most advanced flow and liquid level meter 
available today. 


Some outstanding features: 

Stability— The meter body will operate over an 
ambient temperature range of —40° to 250°F. 
Over a range from —32° to 150°F. the accuracy 
will not change more than 0.5%. 


Leakproof construction—Hydraulically formed 
stainless steel bellows eliminate any chance of 
leakage between fill and process fluid. 


Quick, easy damping— Rectangular orifice pul- 
sation check varies the speed of response over a 
ratio of 20 to 1. Adjustment is essentially linear 
and can be made from outside the meter body 
while the instrument is operating. 


Sensitivity and accuracy are well within the 
required limits of measurement and control on 
applications for which these instruments were 
designed. 


Convenience—Change range easily in the field 
by replacing a single range spring assembly. 
The meter body is self-venting when measuring 
liquids and installed below the flow line; self- 
draining when measuring gas and _ installed 
above the flow line. 


There are models of the Honeywell Bellows 
Flow Meter available in many ranges, for 
every application. Your nearby Honeywell 
field engineer can give you complete details 
and help you select the correct model for your 
application. Call him today. 


MINNEAPOLIS-HONEYWELL, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. In 
Canada, Honeywell Controls, Ltd., Toronto 
17, Ontario. 


Honeywell 
iH) Fouts we Coutiol 


SINCE 1885 


HONEYWELLINTERNATIONAL Sales and Service officesin all principal cities of the world. Manufacturingin United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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thermocouple 
extension 
wire in 


MULAMPAIR CABLE 


it 
cuts 
installation 
costs 


When four or more pairs of thermocouple 
extension wires are needed, SERv-RITE 
thermocouple extension cable will reduce 
installation costs several ways. It takes 
considerably less time compared to pull- 
ing individual pairs of wires through 
conduit. Cable also permits the use of 
much smaller conduit than for the same 
number of individual wires. It can be 
hung without conduit, or installed in 
open trough or by direct burial. 

The cable, as well as each conductor, 
is color coded. Also, each pair of wire 
is marked for quick identification. 

Cables with multiple pairs of four or 
more conductors of the commonly used 
types are carried in stock. 


Write for Bulletin No. 1200-3 
for specifications and data on SERV-RITE 
thermocouple extension cables. 


CO. 


stributors 


CLAUD S. GORDON 


nufacturers @ 


eer 


615 West 30th Street, Chicago 16, Illinois 
2019 Hamilton Ave., Cleveland 14, Ohio 
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Chemical Cleaning Engineers 
In Need of Good Organization 


To The Editor: 


Chemical cleaning contract service has been available to the refining 


industry for about 20 years. Eighteen years ago I left a job as chemistry 


professor to become one of the “Joe’s” engaged in plant maintenance, but 


using 
there 
neering. 

Isn’t it time to see what is wrong 
and to consider how something can 
be changed to provide new motiva- 
tions for ? One such 
“something”, for more 
refiners to assign able young engi- 
neers to the task, then allow them to 
grow professionally in a field which 
has, up to now, been rather low-rated 
as an engineering profession. 


“creativeness” 
I believe, is 


Far from wishing to criticize or 
underrate maintenance people, I am 
one of them and for me there has 
never been a dull moment in that 
profession. Some refiners have chosen 
engineers to become chemical mainte- 
nance specialists, but until recently 
at least there haven’t been many. I 
know some them personally. I 
meet them at meetings of the NACE 
Committee T-8A and elsewhere. And 
I think I know their problems. Those 


of 


who get to come to such meetings, 
one would judge, are the privileged 
ones. And one of those Joe’s who 
has been longest in the assignment in 
one of the country’s largest refineries, 
told me last week he had asked to 
be reassigned because he could see 
no future in the chemical cleaning 
job. 


How to Grow. So, if in-plant chem- 
ical cleaning specialists are needed to 
provide some creative motivation in 
technical 
are assigned to supervise and to par- 


this business, and if men 
ticipate in chemical cleaning, how 
are they to grow professionally? No 
technical man can grow in his pro- 
fession without being able to add to 
his knowledge constantly and to 
match wits and exchange creative 
ideas with others in the same field. 
That is obviously why engineers have 


meetings. Except for NACE T-8A, 


For more data on advertised products, use Readers’ Service Cards, last page. 


chemistry and chemical engineering as tools. And, after all this time, 


has been essentially no progress in this special field of chemical engi- 


which is refinery people concerned 
with corrosion involved in chemical! 
cleaning, where does the chemical 
cleaning specialist go to be bolstered 
in his profession? Chemists and 
chemical engineers at their meetings 
never talk about it. A few papers and 
panel discussions are held by people 
in the power industry. 

The chemical maintenance engi- 
neer, if one can call him that, is in 
about the same situation as the cor- 
engineer 20 years 
When plant managements began to 
recognize their usefulness and a few 


rosion was ago. 


guys organized a “professional” so- 
ciety where they could get togethe1 
and discuss mutual problems and 
ideas, look what happened. Is it in- 
conceivable that 20 years from now 
there will be a National Association 
of Maintenance Engineers and the 
consideration of chemistry and chem- 
ical engineering as maintenance tools 
will occupy much of their attention? 

The present situation has not been 
conducive of technical progress and 
has not inspired young men to want 
to become chemical cleaning special- 
ists, even in some cases after they 
are specifically assigned to the job. 
Why? And if you could be convinced 
that what I say is true, what would 
you do to change it? It 
changed. 


can be 


Development Work Needed. One im- 
portant reason why in-plant special- 
ists are needed is because field de- 
velopment work in chemical cleaning 
In fact, no chemical 
cleaning job ever becomes a routine 
assured affair 


is necessary. 


like building a house 
from a set of blueprints. But with 


vendors who knew little about re- 
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Now it’s much easier to 
Lol Ulam olicl-maalejivelameclae)e)(-laal- 


me Ab iamal-\. Mi (-> <elal ler 
EXPANSION JOINT 


EXPANSION EXPANSION 
JOINTS COMPENSATORS 





New convenient way to solve pipe motion prob- 
lems! Flexonics Expansion Joint Engineering 
Guide — just off the press — contains a wealth of 
vital information in easy-to-read, easy-to-use 
form. 42 pages of calculations, tables, anchor- 
pws ALIQUEENT sameiiais ing and guiding data. Every piping system de- 

GUIDES CONNECTORS signer needs this new book. Mail the coupon for 


your FREE copy! 


EJ-275 


* ATTACH TO YOUR LETTERHEAD—MAIL TODAY! 


= # ae «se a $ € = , Remeuies 


378 E. Devon Avenue 
DIVISION OF CALUMET & HECLA, INC. Bartlett, Illinois 
378 East Devon Avenue > Bartiett, titinois 
Please send my free copy of the new 
Flexonics Engineering Guide on Expan- 
FLEXIBLE METAL and SYNTHETIC HOSE In CANADA sion Joints, Expansion Compensators, 


EXPANSION JOINTS FLEXONICS CORPORATION OF CANADA, LTD. and Pipe Guides and Supports. 
BELLOWS + SPECIAL TUBULAR ASSEMBLIES BRAMPTON, ONTARIO t 


L_enasendkenenanasandl 


ee 
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to lighten your lifting cost load... 


@6P Series Axial-Piston Hoist 
with roller chain 





PISTON HOISTS 





MODEL 86P-110] 86-2V20] 86-2V40) 
CAPACITY; 1000 2000 4000 
SPEED 19 19 10 
WEIGHT 28 78 100 























tte he ie = 
86R Series Rotary Hoist ‘ ; | Gl ii aihnn a { 


with link chain 


* 





ROTARY HOISTS 





MODEL | 86R-5 | 86R-10 
capacity} 00 | 1000 


SPEED _ 40 
WEIGHT 




















To help you achieve maximum efficiency and flexibility in lifting loads 
to 4000 Ib., Gardner-Denver—and only Gardner-Denver—offers light- 
weight, overhead air hoists in both axial-piston and rotary motor types. 


“Work Horse” axial-piston hoists provide rugged, dependable opera- 
tion where load control is the important factor. 


“Race Horse” rotary air hoists are designed for use where the combi- 
nation of speed and ruggedness is the major consideration. 


Both types provide variable speed, spark-resistant operation, powerful 
brake and precise control. Popular models available from 150- to 4000- 
lb. capacity. 


ERD EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


‘) GARDNER - DENVER 


S. S) 

Lnce 182 . 
Gardner-Denver Company, Quincy, 1Il_—Offices in principal U.S., Canadian and Mexican cities, 
in Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario. 
International: Gardner-Denver International Division, 233 Broadway, New York 7, N.Y. 
International Offices: Buenos Aires, Argentina; Artarmon, N.S.W. Australia; Brussels, Belgium; 


Rio de Janerio, Brazil; Santiago, Chile; Barranquilla, Colombia: Li Peru; I h ; 
Salisbury, S. Rhodesia; Johannesburg, Transvaal , a ne ee ne 
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W | fineries, and refiners who knew little 
oF about chemical cleaning and _ pur- 
AIR HOISTS 





chasing agents who want guaranteed 
results, what chance has there been 
for something new and creative to 
be done? Twenty years have an- 
swered that. 

The hope of getting development 
work done lies with in-plant tech- 
nical experts who have the will to 
create something and the authority 
to allow for some failures. Consult- 
ants like myself, and vendors of serv- 
ices and products can help provide 
general information about new or 
potentially useful materials or tech- 
niques but we cannot provide a com- 
plete package, including assured re- 
sults all tied up in a red ribbon. 

One of the most constructive things 
that could be done for the chemical 
cleaning “Joe’s” would be for some- 
one to initiate a technical meeting 
which they would be allowed to 
attend in full professional fashion. It 
would be their meeting and with such 
help from the outside as would pro- 
vide them with information about 
the chemistry of materials that are 
used or potentially useful and engi- 
neering techniques that may or may 
not involve trucks and pumps and 
circulating connections. 

If such a conference could be held 
regularly, it would go a long way 
toward solving the existing problem. 
It could boost the morale of the pres- 
ent “Joe’s” and don’t think their 
morale, like everyone else’s, doesn’t 
need a boost now and again. The 
meeting could also be a simple ma- 
chinery for motivating and stimulat- 
ing creative effort. And if results are 
constructive and stimulating, word 
would soon get around and more re- 
finers would assign more “‘Joe’s” to 
be chemical maintenance experts. 

Charles M. Loucks, Ph.D. 
Consulting Chemist 
Westlake, Ohio 





Wanted: 


YOUR Ideas... 


The Editors of 
PETROLEUM REFINER 
invite letters from readers 

discussing timely topics 
pertinent to the 
industry 
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YOU CAN DEPEND ON 


Darling aluminum gate valves resist corrosive 
attack from chemicals such as hydrogen per- 
oxide, ammonium nitrite, acetic acid and con- 
centrated nitric acid. In such services you can 
depend on Darling aluminum gate valves to last 
longer, cut maintenance costs. 


Darling metallurgists tested—then standardized 
—on aluminum alloys that provide maximum 
strength and corrosion resistance. Rigid quality 
control and precision assembly assure con- 
tinuous ease of operation. The exclusive revolv- 
ing double disc parallel seat feature means free- 
dom from leakage and assures long service life. 


Darling aluminum gate valves are available in 
sizes from 4” through 24”. We will be glad 
to make recommendations. 


SPECIAL ENGINEERING SERVICE. Darling engi- 
neers are ready to work with you in designing 
special valves to meet unusual service require- 
ments. Write, wire or phone for prompt action. 


DARLING VALVE & MANUFACTURING COMPANY 
Williamsport 31, Pa. 


Sandilands Valve Manufacturing Co., Ltd., Ga't 19, Ontario, Canada 
Vannes Darling-France, 23 rue du Commandant Mouchotte, St. M andé, France 


GATE BUTTERFLY CHECK SPECIAL VALVES FIRE HYDRANTS 
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ANOTHER 
CHEMICAL 
PROCESS 
ACHIEVEMENT 
FROM 

SD 


Scientific Design Boosts Phthalic 
Anhydride Yield from Ortho-Xylene 


|Now Scientific Design Company offers a new improved convertible catalyst 
which produces phthalic anhydride from ortho-xylene at yields comparable to those 
obtainable from naphthalene. Here’s what this means to the chemical producer: 


1 An immediate raw material cost saving due to ortho-xylene’s 


present lower price and predicted even lower future price; 
2 Lower capital cost of plant; 


3 Completely flexible plant operation, permitting production of 
phthalic anhydride in high yields from naphthalene, ortho-xylene, 
or any combination of the two; 
4 No reduction in plant productivity, regardless of feedstock 
employed. 
This higher yield results in greatly reduced contaminating 
by-products and thus provides an extra bonus of unexcelled 
purity of phthalic anhydride product. 
SD’s unique process for phthalic anhydride from ortho-xylene 
will be used in the plant now under construction for 
Compagnie Francaise des Matieres Colorantes in France. 


SCIENTIFIC DESIGN COMPANY, INC. 


EXECUTIVE OFFICES: TWO PARK AVENUE, NEW YORK 16, NEW YORK 


International Leaders in the Development, 
Design and Construction of Chemical Plants 





API 


Report +, . 
From il tt 


ih 


Houston 


Houston, capital of the hydrocarbon proc- 
essing industry, played host this month (May 
8-11) to the Refining Division of the Ameri- 
can Petroleum Institute. This special report 
on the meeting includes complete and partial 


transcripts of the most significant papers for 
PETROLEUM REFINER’s readers. 


Sessions covered include corrosion, plant 
analyzers, processes, pumps, compressors and 
turbines. You'll want to check these articles 
to get the latest thinking from the API meet- 
ing: 
© Alloy Stops Corrosion in Fluid Coker. .149 
© Corrosion Rates in Sour Crude Units. . 154 
© First, Study Analyzers in Mobile Unit 159 
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Alloy Stops Corrosion 
in Fluid Coker 


Severe sulfide corrosion in the burner 
of a fluid coking unit has been con- 
trolled using 12-chrome steel internals 


Kenneth L. Moore, Tidewater Oil Co 
Delaware City, Del. 


Severe high-temperature corrosion of steel and low- 
chrome alloy internals occurred in the burner of a large 
fluid coker (42,000 bpsd). This was caused by hydrogen 
sulfide generated from partial combustion of fluid coke 
containing 6 to 8 percent sulfur. Investigation and test 
work indicated that the nonuniformity of corrosion 
attack was a result of differences in the burner atmos- 
phere and burning reaction kinetics. The burner atmos- 
phere was much less corrosive in areas of high water 
vapor content. Injection of steam and water into the 


FIGURE 1—This %-inch steel dustbin on the burner cy- 
clone corroded through. 
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CORROSION IN FLUID COKER... 
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Details of fluid coker burner. 


Fluid Coking Burner 


3ECAUSE THE MAJOR CORROSION problem oc- 
curred in the burner, this vessel will be described 
in more detail. The figure shows the basic internals. 
Air enters the fluidized coke bed in the large- 
diameter burner through numerous distributor 
pipes. There is a restriction orifice in each in- 
dividual pipe to maintain uniform distribution 
of air. Coke particles are removed from the flue 
gas leaving the burner by 18 sets of primary 
and secondary cyclones made of %%-inch thick 
carbon steel. The major portion of each cyclone is 
lined with hexsteel and wear cement to prevent 
erosion. 

“Cold” coke, at approximately 970° F, enters 
the bed through a circular inlet. Hot coke leaves 
the burner through an adjacent overflow well. A 
stream of coke fines and steam from an elutriator 


also enters the burner in the same general area. 
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severely corrosive area appreciably decreased sulfida- 
tion. Practical considerations determined that use of 
12 percent chrome alloy internals in areas of severe 
attack would be the most economical solution to the 
corrosion problem. 


Description of Attack. At Tidewater Oil Company’s 
Delaware refinery, severe localized corrosion was found 
in the burner of the fluid coking unit after substantial 
onstream time. During the first year of operation, 
scaling was found on the steel air distributor bracing and 
the steel cyclones. Some cyclone diplegs required re- 
placement. However, the magnitude of the corrosion 
problem was not fully apparent until there was an 
emergency shutdown of the fluid coker as a result of 
excessive carryover of coke fines in the flue gas. Upon 
inspection, it was found that some of the '/2-inch-thick 
steel cyclone dustbins had corroded through, as shown 
in Figure 1. The total onstream time had been 631 
days. Coupons cut from the cyclone cones, dustbins, 
and diplegs indicated that extensive replacement would 
be necessary. Figure 2 illustrates one stage in removal of 
the corroded cyclones during the major repairs. 

The severity of corrosion in the vessel had a peculiar 
pattern, both circumferentially and vertically. In gen- 
eral, one-half of the burner cyclones, in the southeast 

SE) area, were so badly thinned that replacement was 
necessary. By contrast, some cyclones on the opposite 
side, in the northwest (NW) area, had very little at- 
tack. These areas are shown in Figure 3. By and large, 
severity of corrosion decreased with height in the burner. 
In the dense phase, corrosion of all steel members was 
generally severe at any location. The steel diplegs and 
cyclone bracing were corroded more severely than the 
cyclones. The steel outlets of all cyclones entering the 
plenum were only mildly attacked. 

Originally the scale was assumed to be iron oxide, the 
result of accelerated oxidation from afterburning. How- 
ever, the scale in the severely corroded areas proved to 
be iron sulfide (FeS). With the exception of occluded 
coke, the scale was almost 100 percent FeS, with a non- 
magnetic, two-layer structure typical of that found in a 
hydrogen-hydrogen sulfide (H.-H.S) sulfiding atmos- 
phere, such as in catalytic reformers. In the mildly 
attacked area, the scale was magnetic and contained 
only three percent sulfur (versus 32 to 34 percent sulfur 
in the severely corroded area). Corrosion was approxi- 
mately as severe on the inside of cyclones under the 
hexsteel and wear cement as on the outside where no 
covering existed. 

The corroded steel was examined for carburization, 
intergranular attack, and other possible effects. The 
base metal appeared to be normal up to the interface 
with the corrosion product. There was no difference in 
appearance between the mildly and severely corroded 
steel. The corroded steel also indicated adequate duc- 
tility when severely deformed. 


PETROLEUM REFINER—V ol. 40, No. 5 





Because of the expense, inconvenience, and unusual 
nature of this corrosion problem, considerable investiga- 
tion and testing were undertaken. 


Cause of the Corrosion. The basic questions that had 
to be answered concerned: 1, why the atmosphere in the 
burner was sulfiding; 2, why the corrosion was non- 
uniform; and, 3, how the corrosion problem could be 
most economically mitigated. 


Temperature Pattern. The burner temperature pat- 
tern was investigated as a possible cause of nonuniform- 
ity of corrosion. From the limited thermocouple data 
available it was found that the SE side, where corrosion 
was most severe, was as much as 100° F hotter than 
the NW side. However, it was reasoned that the tem- 
perature difference, in itself, should not account for the 
extreme differences in corrosion rates. In a sulfiding 
environment, corrosion should be severe at 1,050° F as 
well as at 1,150° F. It was believed that perhaps a more 
significant point concerning the temperature difference 
was the reason for the difference. 


Steam Cooling. In examining the location of entrance 
nozzles to the burner, it was noted that both the cold- 
coke inlet and elutriator return were in the NW area, 
where corrosion had been very mild and where the tem- 
peratures were the lowest—approximately 1,050° F. 
The cold-coke inlet introduces 20,000 pounds per hour 
of aeration steam along with the 970° F coke. The 
elutriator return injects 30,000 pounds per hour of 
steam at 370° F. There is essentially no other steam 
entering the burner, with the exception of a small 
amount of uniformly distributed dome-blanketing steam. 
Thus, the 50,000 pounds per hour of steam caused cool- 
ing and, more importantly, a change in the burner 
atmosphere on the NW side. 


Coke Overflow. Another factor which was unassess- 
able at the time was the effect of the adjacent locations 
of the hot-coke overflow well and the cold-coke inlet. 
It was not known whether this arrangement would 
permit short-circuiting of a substantial portion of coke 
to the extent that different burning conditions would 
result in relation to the distance across the bed from 
the inlet and outlet risers. 


The air distribution was investigated to some extent. 
The air distributor pipes are fairly well spaced, but 
there is slightly less air admitted in the NW area as a 
result of the interference from the hot- and cold-coke 
However, this is the area in which the 


risers. very 


cyclones were oxidized, rather than sulfided. 


Flue Gas. Available analyses of the flue gas indicated 
that the environment might possess a reducing nature. 
CO.-CO) ratio 
was approximately 2:1 or 3:1. Little or no oxygen (O.) 
was found. 


The carbon dioxide-carbon monoxide 


Corrosion Survey. A survey was made to determine 
what the corrosion experience was in other fluid cokers. 
With the exception of Tidewater’s identical coker in 
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VZZZ]_ AREA OF SEVERE CORROSION 


 steegete AREA OF MAXIMUM CORROSION 


FIGURE 3—Plan of burner cyclones shows area of severe 
corrosion. 


Avon, Calif., the other fluid cokers are considerably 
smaller in size. The Avon coker has not experienced 
severe corrosion of cyclones, although sulfidation has 
occurred in the dense phase on the steel air distributor 
parts. However, the Avon coke has a lower sulfur con- 
tent (approximately 4 percent), and the flue gas is more 
oxidizing (CO,-CO = 3:1 or 4:1, and O, = 0.4 percent). 
The smaller fluid cokers experienced some corrosion, 
although the extent was not fully known. The burner 
sizes and layouts provided good distribution of air and 
steam. 
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CORROSION IN FLUID COKER... 


What Was Done. Because of the urgency to repair the 
unit, extensive cyclone replacements were made in kind. 
In addition, water-steam nozzles were placed on the SE 
(corroded) side of the burner, in the hope that corro- 
sion could be minimized by duplicating the high mois- 
ture content of the burner atmosphere on the NW side. 
Thermocouples and sampling connections were installed 
to permit testing during the subsequent operation. It 
was planned that the atmosphere and the coke would 
be sampled on opposite sides of the burner to establish 
the true cause of corrosion. Alloy test racks and parts 
were also installed to determine comparative corrosion 
rate data. 


Test Program. Considerable time and effort were 
spent finding a reproducible, accurate, and practical 
technique for sampling the burner atmosphere. Analyses 
were made for H.O, CO., O., CO, H.S, and SO. 
Sampling was done at two levels: the lower dilute phase 

at the dipleg level) and the upper dilute phase (at the 
entrance to the cyclone inlets). This was done because 
of the apparent effect of kinetics on the reactions in 
this system. The importance of this effect was illustrated 
by the differences in the corrosion rates vertically. This 
required immediate absorption of some components to 
halt the reactions. 

The most sensitive of the analyses were the H.S and 
SO, determinations. These two components were ab- 
sorbed immediately in cadmium sulfate and potassium 
hydroxide reagents. By choice of proper volumes and 
techniques, reproducible values were obtained. 


The following facts were established by the atmos- 
phere sampling. 


©@ H.S and total sulfur (H.S + SO.) levels were both 
higher on the NW (mildly corroded) side than on the 
SE (severely corroded) side. 


@® Water content was much higher on the NW side 
than on the SE side 
elutriator 


the result of steam from the 
return and cold-coke riser). 


© The 
from the lower dilute phase to the upper dilute phase. 


SO.-H.S ratio in the atmosphere increased 


© H.S contents were relatively constant at the four 
sampling points, while the SO, contents varied appreci- 
ably with the sulfur content of the fluid coker feed. 


e CO, and CO analyses, on a wet basis, were higher 
on the SE side at both lower and upper dilute phase 
levels. The average CO.-CO ratios were fairly constant 
at all points. 


Water and steam were injected into the SE side in an 
effort to minimize corrosion by duplicating the atmos- 
phere on the NW side. As much as 32,000 pounds per 
hour of water and steam was injected through the néw 
connections. No beneficial effect was apparent from 
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analysis. The atmosphere analyses were essentially the 
same with or without the steam-water injection, with 
the exception of a slight change in water content. 


Temperature Checks. The additional thermocouples 
installed in the burner indicated that there was a defi- 
nite temperature gradation circumferentially in the 
vessel. It was found that the SE dense phase was 60° F 
to 100° F hoter than the NW side. The SE upper dilute 
phase was approximately 40° F to 50° F hotter than 
the NW side (1,150° F versus 1,100° F). 

A plot of the temperature and cyclone corrosion rate 
showed that the temperature does not directly affect 
the corrosion rate; i.e., there are large differences in 
temperature with no difference in corrosion rate and 
there are large differences in corrosion rate at essen- 
tially the same temperature. Injection of steam and 
water on the SE side caused little effect on the tem- 
perature profile. 


Sulfur Content. Coke samples removed from the 
dense phase, lower dilute phase, and upper dilute phase 
on both the NW and the SE sides had essentially the 
same sulfur content, volatile matter, and particle size. 
On the basis of these data, the possible effect of coke 
short-circuiting in the dense phase because of the asym- 
metry of the coke risers was proven to be minor at most. 


Recent Inspection. The fluid coker was shut down last 
fall for a turn-around after an additional 386 days of 
operation. It was fully expected that the burner would 
have the same severe corrosion and that numerous 
cyclones would have to be replaced again. This was not 
the case. Even though the water-steam injection on the 
SE side gave little indication from the temperatures or 
the atmosphere analyses that any change had been 
effected, corrosion had been greatly reduced. There 
were definite indications of the beneficial effect of water 
and steam. The bulk of the water-steam had gone into 
what had been the most severely corroded quadrant. 
Corrosion rates in this area were substantially reduced. 
The NW side experienced the same mild corrosion. 
However, the transition areas where corrosion had for- 
merly been moderate, and where only a minor amount 
of water-steam had been injected, continued to corrode 
at the same rate. 


Corrosion Rates. The corrosion test racks which had 
been installed on dustbins on the NW side and the SE 
side were removed for evaluation. Although corrosion 
rates were not as severe on the SE side as they had 
been in the past, the data support earlier observations 
that alloys of 12 percent chrome or higher are quite 
resistant in the atmosphere. It is of interest that 5 per- 
cent chrome performed so poorly in comparison with 
steel in the SE test rack. A diffused aluminum-coated 
carbon steel dipleg which had been installed was also 
inspected. Most of the aluminized area retained its 
original appearance and dimensions. However, pimples 
of sulfide formed where the protective iron-aluminum 
complex layer was discontinuous and corrosion had 
taken place. 
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Analysis of Corrosion Problem. Although the investi- 
gation of this corrosion problem is not complete, some 
conclusions can be drawn. From the appearance of the 
scale and the analyses of the burner atmosphere, it is 
reasonable to assume that the corrodent is H.S. How- 
ever, the corrosiveness of the H.S is a function of the 
oxidizing-reducing nature of the environment. The 
severely sulfided SE side actually had a lower H,S 
content than the mildly corroded NW side. However, 
the SE side had a considerably lower water content, 
and was thus more reducing than the NW side. Injec- 
tion of water demonstrated that the SE environment 
could be made less corrosive. 

The oxidizing-reducing nature of catalytic reform- 
ing atmosphere is basically a function of the tem- 
perature and relative quantities of H. and H.S. How- 
ever, the “thermodynamic cutoff” for reformer sulfida- 
tion cannot be applied to the complex burner atmos- 
phere, of a fluid coker, because the oxidizing-reducing 
nature is not determined by just these two components. 
As an example, the H.S-H, ratio is on the order of 5 to 
10 times 10-* on both the NW and SE sides of the burner. 
From the reformer sulfidation thermodynamics, very 
severe sulfidation would be predicted for both sides of 
the burner. The difference in corrosion experienced 
between the two sides illustrates the effect 
components. 


of other 


In addition to the complexity of the thermodynamics 
of corrosion in the burner atmosphere, the components 
of the atmosphere do not appear to reach equilibrium 
conditions. The change in the analyses (e.g., SO.-H.S 
ratio), and the change in corrosion rates vertically, in- 
dicate the effects of this nonequilibrium condition. 


Means of Preventing Corrosion. The test work and 
subsequent inspection indicate that there are two means 
of controlling corrosion in this fluid coker burner: 1, 
altering the burner atmosphere to make it less corro- 
sive; or, 2, using corrosion-resistant alloy. 

The burner atmosphere can be altered in a number 
of ways. The most obvious means is injection of steam, 
water, or both. However, it would be difficult to deter- 
mine the proper quantities and distribution, and to be 
assured that changes in operation would not make the 
environment corrosive again. This is also an expensive 
means of corrosion control. The cost of water and 
atomizing steam is in,itself very high, even for the 
limited test work. Funfii@rmore, the fluid coker operat- 
ing capacity is reduced by the additional heat require- 
ments of steam and water injection, and by the resultant 
additional gas volume in the burner. 

The burner atmosphere could also be altered by re- 
distribution of steam normally entering. Because of the 
large size of the piping and supports, modification of 
the cold-coke inlet riser would be prohibitive. The 
elutriator return could be modified at modest expense, 
so that the steam would be introduced at the SE side. 
Adequate distribution of the steam would be a problem, 
however. Even if the steam entering the burner with the 
cold coke and from the elutriator were perfectly dis- 
tributed, there is reason to believe that the corrosion 
would be made uniform, but moderately severe. The 
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recent experience of another fluid coker, small in size 
and symmetrically designed, has shown this. 


Alloys. Economics indicate that the corrosion can best 
be controlled by simply replacing the severely corroded 
steel internals with 12 percent chrome steel replace- 
ments. Alloying does not have to be complete. Carbon 
steel should do satisfactorily in the NW area. By this 
means: 1, the unit capacity is not reduced; 2, no further 
test work is needed; 3, no controls are needed; 4, the 
expense of water and steam is not required; and, 5, 
the CO boiler, which utilizes the coker flue gas, is not 
overloaded with water vapor. 

This, admittedly, is a practical approach. However, 
the following questions remain: How is such a problem 
anticipated in the design of a unit? What is the thresh- 
old of sulfur content of the feed above which severe 
corrosion occurs? What is the means to determine the 
corrosivity of a complex nonequilibrium mixture? It 
would seem that considerable research could be fruit- 
fully spent untangling the many aspects of corrosion 
by sulfur compounds. 


Originally presented to the American Petroleum 
Institute, Div. of Refining, Houston, May 9, 1961. 
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New Data Predict Corrosion 
Rates in Sour Crude Units 


Tests show that corrosion rate 
on 5 Chrome furnace tubes increases 
at 2 mils per year per 


1,000 barrels of sour crude charged 


G. R. Port 
Shell Oil Company, Wood River, Ill. 


Operating variables in a crude oil distallation unit 
processing sour crude have been compared with average 
corrosion rates experienced on 5 percent chromium steel 
furnace tubes. Data indicate that the corrosion rate in- 
creases approximately 2 mil per year per 1,000 barrels 
of West Texas crude oil charged, when the charge rate 
increases from 60,000 barrels to 85,000 barrels per day. 

Severe pitting and corrosion occurred in the 5 percent 
chromium steel feedline from the secondary furnace to 
the secondary column during three and one-half years 
of service. Mitigation of corrosion was accomplished by 
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replacing the line with Type 405 stainless steel clad 
piping. Corrosion rate of a 5 percent chromium steel 
heavy gas oil line was substantially reduced by quench- 
ing the stream from 670° F to 600° F. 

Specimens of carbon steel and low-chromium steels 
were installed in tubes of the radiant sections of two 
distilling furnaces for 209 days. A study of test specimen 
data indicated that velocities above 200 fps to 250 fps 
became a significant factor in metal loss. Because of 
increased service life, 7 and 9 percent chromium steel 
tubes are more economical than lower chromium steels 
in the radiant sections of furnaces processing sour crude 
oil. 


Corrosion Rates. In Figures 1 and 2, average corrosion 
rates of 5 and 7 percent chromium alloy furnace tubes 
in the primary and secondary furnaces are compared 
with average product temperature at furnace outlets, 
average of maximum firebox temperature, and average 
charge rate of West Texas sour crude oil. A study of 
Figures 1 and 2 shows that the correlation for the aver- 
age of maximum firebox temperature and West Texas 
sour crude oil charge rate with the average corrosion 
rate is good. Product temperature, however, is not a 


Capsule—Problem, Solution and Results 


Service 
Furnace Tubes (5Ch-'%Mo.) 
1. Increase sour crude charge from 60,000 to 85,000 
bpd. 
2. Increase charge velocity above 200 fps. 
Solution 
Replace furnace tubes with 7Ch-14Mo. 


Service 
Transfer line (secondary furnace to secondary tower )— 


5Ch-1/4Mo. 


Solution 
Replace line with Type 405 stainless clad piping. 


Service 
Heavy Gas Oil line to Cat Cracker (5Ch-%Mo.) 


Solution 
Quench Gas Oil stream from 670° to 600° F by inject- 
ing cold Gas Oil. 
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Problem 
Increased corrosion 2 mils/year/1,000 bbls charged (65 
mils/year at 85,000 bpd). 


Increase metal loss by erosion of tubes. 


Results 
Corrosion rate cut to less than 5 mils/year even at 
70,000 bpd charge. 
Problem 
Severe pitting, corrosion and undercutting of welds 
after 314 years service. 


Results 
After 11% years, no measurable metal loss. 


Problem 
Severe pitting, “Island” corrosion and general cor- 
rosion—rate .01 to .075 ipy. 


Results 
Corrosion rate cut and line life extended 4 years. 
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FIGURE 1—Comparison of average service conditions at FIGURE 2—Comparison of average service conditions at 
primary column reboiler furnace with corrosion rates of | secondary column furnace with corrosion rates of furnace 
furnace tubes. tubes. 





Background 


The distilling unit at Shell Oil Company’s Wood 
River refinery processes 50,000 bbl to 90,000 bbl of 
crude oil per day. Sweet crude oil was processed ini- 
tially; however, during a period of three years, the sweet 
crude was gradually replaced by West Texas sour crude. 
Data reported by Cataldi, Askevold, and Harnsberger™ 
indicate that sweet crude oil is only from 1 to 15 per- 
cent as corrosive as West Texas sour crude. The degree 
to which sulfur compounds thermally decompose during 
processing to form more corrosive compounds such as 
hydrogen sulfide is more indicative of the corrosiveness 
of a crude oil than total sulfur. 





Furnaces. Two large side-fired furnaces, each with 
four passes, are in service. The tubes are horizontal, 40 
feet long, 6.625-inch OD, with conventional roll joint 
fittings. There are 20 radiant tubes in each pass of the 
primary column reboil furnace and 32 radiant tubes in 
each pass of the secondary column furnace. For four 
runs, 5 percent chromium—Y¥2 percent molybdenum 
tubes were installed in the radiant sections of the fur- 
naces; they were then replaced with 7 percent chromium 
~Y, percent molybdenum tubes. | | | | | l 


60 65 70 75 80 85 


CORROSION RATE, MILS PER YEAR 











Field Data. Examination of furnace tube corrosion 
rates revealed a better correlation using field values 
obtained 6 feet, 15 feet or 20 feet inside the tube rather CHARGE RATE, 1000 BBL PER DAY 
than measurements obtained “in the roll” and “behind 


the roll.” FIGURE 3—The corrosion rate increased 2 mils per year 


per 1,000 barrels of sour crude charged per day. 
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NEW DATA PREDICT CORROSION RATES IN SOUR CRUDE UNITS... 


FIGURE 4—Severe pitting of a heavy gas oil line. 


valid criterion for predicting corrosion of furnace tubes. 
As the charge to the furnaces was increased, the furnace 
tubes became hotter to maintain the same product tem- 
perature. Variables which increase tube wall tempera- 
ture or increase hydrogen sulfide production are ap- 
parently the major consideration in predicting furnace 
corrosion. 


The substantial reduction in corrosion rates obtained 
by replacing 5 with 7 percent chromium steel tubes is 
‘ ar : ne rac ’ 9 
apparent in Figures | and 2. 


In the secondary furnace, the average product tem- 
perature remained essentially constant for all runs. The 
average West Texas sour crude oil charge rate per day 
versus the average corrosion rate of the 5 percent 
chromium steel radiant tubes during the first four runs 
is plotted in Figure 3. As the charge rate increased from 
60,000 barrels to 85,000 barrels per day, corrosion rate 
increased approximately 2 mil per year per 1,000 barrels 
of West Texas sour crude oil charged per day. 


Secondary Feedline. The 20-in., 5 percent chromium 
steel vapor transfer line from the secondary furnace to 
the secondary column operates at an average tempera- 
ture of 710° F. After 3% years of service, temporary 
repairs were required because of severe pitting, cor- 
rosion, and undercutting immediately adjacent to the 
circumferential welds. The repairs included overlaying 
all pits deeper than 0.12 in. and three-fourths of the 
circumferential weld seams with 25-20 stainless steel, 
Type 310. Areas of general pitting were lined with 12 
percent chromium stainless steel, Type 410. At the end 
of the following run, the entire line was replaced with 
12 percent chromium stainless steel cladding, Type 405, 
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PERCENT CHROMIUM 


FIGURE 6—Low-chrome steels can be expected to have very 
high corrosion rates at increasing furnace temperatures. 


in steel pipe. Inspection of the clad line after 1/2 years 
of service showed that only a slight etching of the clad- 
ding had occurred, with no measurable metal loss. 


The maximum corrosion rate of the 5 percent chro- 
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FIGURE 7—Here is the effect of chromium or the corrosion 
rate. 


mium alloy transfer line was 65 mil per year, which 
agrees reasonably well with data reported by Nelson.* 


Accelerated Corrosion in Heavy Gas Oil Line. The 
5 percent chromium steel heavy gas oil line from the 
distilling unit to the catalytic cracking unit was in serv- 
ice for over five years. Maximum temperatures measured 
during the last 18-month run were 670° F at the dis- 
tilling unit and 620° F at the catalytic cracking unit. 
The corrosion rate prior to the last 18-month run was 
on the order of 0.01 to 0.02 ipy, and at the end of the 
last run it varied between 0.01 and 0.075 ipy. The pat- 
tern of corrosion included severe pitting (Figure 4), 
“island” corrosion (Figure 5), and general corrosion. 
Corrosion was more uniform and at the 
colder end of the line. 


less severe 


Naphthenic Acid. An increase in naphthenic acids in 
the crude oil was considered as a possible cause for 
acceleration in corrosion. However, laboratory analysis 
of crude oil samples and heavy gas oil samples showed 
that naphthenic acid contents were well below the 
threshold concentration of 1,800 ppm required for signi- 
ficant naphthenic acid attack.* Analysis of deposits from 
the heavy gas oil line revealed that the corrosion product 
was primarily iron sulfide. The remainder of the deposit 
was composed of iron oxide, oil, carbon, wax, and a 
small amount of sodium salts. 

The line in the distilling plot area was replaced with 
7 percent chromium-0.5 percent molybdenum piping. 
Facilities were installed to quench the heavy gas oil 
stream from 670° F to 600° F by injection of cold heavy 
gas oil into the pump suction line near the column 
drawoff. Energy loss was not significant because the 
cold stream was formerly heated at the catalytic crack- 
ing unit. 
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After six months of operation at the lower tempera- 
ture, internal inspection of seven spools in the heavy 
gas oil line showed that the maximum corrosion rate 
was 0.02 ipy. Reducing the temperature of the stream 
has increased average service life of the 5 percent chro- 
mium steel piping approximately four years. 

The accelerated corrosion rate was presumably caused 
by a small increase in hydrogen sulfide concentration, 
temperature, or both. Dravnieks and Couper* reported 
that slight changes in a process or chromium content 
have caused accelerated corrosion of alloys which previ- 
ous experience indicated to be satisfactory. 


Corrosion Rates of Specimens in Primary and Sec- 
ondary Furnaces. During run No. 3, test specimens 
exposed in furnace tubes of the primary and secondary 
furnaces included: 


Low-carbon steel 

4.8 percent chromium 
7.2 percent chormium 
9.1 percent chromium 


0.5 percent molybdenum 
0.5 percent molybdenum 
1.0 percent molybdenum 


One set of specimens was installed near the inlet of a 
radiant pass, and two sets were installed near the outlet 
of the same pass in each furnace. Locations of specimens 
were chosen to study the effect of velocity and tempera- 
ture on corrosion rate. Because internal tube wall tem- 
peratures are higher than oil temperatures, corrosion 
rates of the furnace tubes are slightly greater than those 
shown for test specimens. 

Specimens were held in the fittings by studs welded 
to the plugs. 

A study of the data indicated that velocity below 200 
fps was not a significant factor in corrosion. Specimens 
which were exposed to approximately the same tem- 
perature, but to velocities that differed by factors of 
2 to 3, experienced approximately the same corrosion 
rate when maximum velocity did not exceed 200 fps. 
A very marked difference in corrosion rate was apparent 
for 7 percent chromium specimens exposed to the same 
temperature but to velocities of 100 fps and 250 fps. 
Metal loss on the specimen exposed to the higher veloc- 
ity was ten times higher and was predominantly from 
one side, indicating that erosion was a major cause of 
metal loss. The effect of velocities above 200 fps on 
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NEW DATA PREDICT CORROSION RATES IN SOUR CRUDE UNITS... 


metal loss was also apparent from examination of fur- 
nace tube fittings and thermowells. Erosion was found 
only in the last two or three tubes of each pass in the 
secondary furnace, where the velocity was high. Erosion 
of the iron sulfide scale apparently accelerates corrosion 
rate. 


Corrosion rates of specimens are plotted in Figure 6 
as a function of the percent of chromium in steel, and 
temperature at 530° F, 590° F, 640° F, and 720° F. The 
curves indicate that the effect of small temperature 
changes on corrosion rates of steels with less than 7 per- 
cent chromium become very significant above 640° F. 
The relatively low corrosion rates shown for specimens 
of 7 and 9 percent chromium steel have been confirmed 
by similar rates in furnace tubes. The average corrosion 
rates of thirty 7 percent and seventeen 9 percent chro- 
mium furnace tubes exposed to oil temperatures of 
690° F to 720° F were 0.004 ipy and 0.003 ipy, respec- 
tively. Because of increased service life, furnace tubes 
of 7 and 9 percent chromium are more economical than 
lower chromium steels for severe applications. 

A plot of the relative corrosion rate, using carbon 
steel as 100, as a function of chromium content of the 
specimen is presented in Figure 7 


Conclusion. Corrosion rates in the furnaces are accele- 
rated by increasing charge rate as a result of higher tube 
wall temperature. Corrosion rates of test specimens in- 
dicate that relatively small changes in metal temperature 
above 640° F have an appreciable effect on the cor- 
rosion rate of alloy steels with less than 7 percent chro- 
mium content. Velocity appears to become a significant 
factor in furnace tube corrosion when it exceeds 200 fps. 

For distillation units processing sour crude oil, steel 
alloys with higher than 5 percent chromium content are 
more economical than lower chromium steels because 
of increased service life in severe services such as the 
radiant section of furnaces. 

Originally presented to API Division of Refining, 
Houston, May 9, 1961. 
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More about Corrosion... 
High Temperature Hydrogen Attack Studied. A 


survey of hydrogen attack of steel at elevated tempera- 
tures and increased pressures indicates that relatively 
small changes in composition of the steel and particu- 
larly of their treatment during processing may further 
extend their useful range of service conditions. 


The properties which were specifically observed as a 
function of hydrogen pressure, temperature, and ex- 
posure time were yield strength, ultimate strength, true 
fracture strength, strain to fracture, and reduction of 
area from a tensile test. From bending tests of notched 
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specimens, the bending moment and angle at initiation 
of a crack were determined. In addition, the specific 
gravity and hardness of the specimens were recorded. 

The kind of attack observed in the test samples was 
similar to that found in industrial equipment, i.e., blis- 
tering, fissuring, and decarburization. 

A metallographic investigation, however, indicates 
that the fissures which normally develop at pearlite- 
ferrite boundaries do not grow in a brittle manner to 
form cracks. The joining of fissures occurred only after 
extensive strain had developed in the bridges between 
them. 

In samples which were annealed prior to exposure 
the attack occurred uniformly throughout the volume, 
whereas in cold-worked samples it occurred first in layers 
next to the surface. This is also the condition at which 
blistering can become significant. A tenfold increase of 
the rate of attack caused by cold work has been ob- 
served under certain conditions. 

Evaluation of the data indicates that surface condition 
and carbon diffusion are the primary rate determining 
factors for attack. 

In order to improve the resistance against hydrogen 
attack, steels are alloyed with elements which form car- 
bides which are more stable than iron carbides. These 
observations indicate that an increased resistance against 
attack may also be achieved by influencing the surface 
reactions and the internal reaction sites. The well known 
effect of small additions of molybdenum to steel may 
be partially due to the indicated effects. (“The Rate of 
Irreversible Hydrogen Attack of Steel at Elevated Tem- 
peratures,” R. E. Allen, R. J. Jansen, P. C. Rosenthal 
and F. H. Vitovec, University of Wisconsin, Madison, 
Wis. 


Pilot Plant Checks Alloy Corrosion in Hydrodesul- 
furizer. The alloys required to resist corrosion at high 
temperature by high-sulfur crude oil or catalytic-reform- 
ing streams have been found mostly by trial and error, 
supplemented in the later stages of development by use 
of corrosion coupons and probes. No understanding was 
gained as to why the alloys selected had corrosion resist- 
ance. 

In hydrodesulfurization, the reasons for corrosion re- 
sistance have assumed new importance. Under like con- 
ditions, alloys that adequately resist corrosion at one 
location suffer high-corrosion rates at another. On the 
basis of laboratory studies, tentative hypotheses have 
been developed to expain the observed differences. 

To meet immediate needs, a pilot plant was used to 
simulate conditions in a hydrodesulfurizer furnace. In a 
matter of hours, several alloys and operating conditions 
were screened with a specially devised corrosion probe. 

As a more fundamental approach to sulfidic attack, a 
series of standard tests was devised in an attempt to rate 
projected alloys and to evaluate the effect of alloying 
constituents on corrosion resistance. (‘Laboratory Tests 
to Evaluate Corrosion Resistance to Sulfidic Media.” 
A. S. Couper, American Oil Company, Whiting, Ind. 
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First, Study Analyzers 
in Mobile Unit 


If you are not sure where process 
analyzers will payout for you, 
consider using one of these mobile 
units. They will heip you find 
successful applications for the 

new process analyzers now becoming 
available. Some examples of 


their use are given in this article 


C. M. Tyler and R. W. Serne 
Standard Oil Co. (Ohio) 
Cleveland 
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Process analyzers can be used to their full po- 
tential when a directed, coordinated effort of many 
talents and specialties are used to study them. We at 
Sohio have established a continuing project to try to 
get the most from available hardware. A group of 
trained people, encompassing a wide variety of talents, 
make field tests not only on new analysis hardware but 
also on its application and uses. In order to carry out 
the tests, the analysis equipment is installed in a mobile 
trailer and moved to a selected area in one of our 
plants. 


We operate two such trailers on a full-time basis at 
the present time. The use of these trailers for perform- 
ing field test work of this nature has proven to be 
necessary. There are so many advantages to this type 
of test installation that it becomes quite difficult to 
enumerate all of them. Some of the most apparent 
advantages that the trailer provides are: 


© A secluded place where equipment operating diffi- 
culties can be solved. One of our most vexing problems 
with new control equipment in general, and analyzers 
in particular, has been selling it to the operating peo- 


ple. Unproven equipment tends to present a large 


FIGURE 1—It is the refiner’s job to determine what equipment to use, and where and how to use it. 
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ANALYZERS IN MOBILE UNIT. . 
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FIGURE 2—If you have ever worked away from your home 
base for long periods of time you will recognize the difficulty 
of operating effectively without a spot to “hang your hat.” 
The trailer provides such a spot. 


FIGURE 3—The trailer provides a place where equipment 
operating difficulties can be solved. 


number of mechanical problems during its initial oper- 
ation. Installing such equipment in a trailer rather 
than directly on a unit allows these problems to be 
recognized and solved privately rather than publicly. 
The operating people’s confidence in the equipment is 
not destroyed before the analyzer is in routine plant 
operation. 


® A convenient field office for the field testing per- 
sonnel. If you have ever worked away from your home 
base for long periods of time you will recognize the 
difficulty of operating effectively without a spot to 
“hang your hat.” The trailer provides such a spot. 
Many of us believe that getting away from a telephone 
is one of the real personal benefits gained from field 
work. We learned very early in our work, however, 
that a telephone is essential. Usually our first action 
on setting up in the field is to get a telephone installed 
in the trailer. 
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® An on-the-job classroom for training the plant op- 
erating and maintenance personnel who will be respon- 
sible for the analyzers once they are installed perma- 
nently on our operating units. After the equipment 
has been judged satisfactory by the field crew, an 
extensive training program is conducted. It should 
be stressed that the people trained in these sessions are 
working-level people rather than the supervisors who 
so often find their way into courses of this type. Proper 
training of these working technicians and engineers is 
vital to the overall success of our analyzer installations. 


One further advantage in using a trailer for field 
testing is the matter of time. It is quite true that some 
of the work which we routinely perform in our field 
tests could be just as easily accomplished by a labora- 
tory test program. Specifically, test work to establish 
equipment reliability, range, the effect of operating 
variables on performance, and similar hardware-type 
evaluation could be performed in an engineering test 
laboratory. However, the proper use of the equipment 
as an operating tool can only be adequately determined 
on an operating unit. Tests aimed at determining how 
and where this equipment can best be incorporated into 
our existing unit control systems must be performed 
on the units themselves. Additionally, the whole com- 
plex question of sample handling can best be studied 
in the field. 

The most important sample-handling questions left 
to answer today are those relating to sampling time 
lag and to the relationship between process time lag 
and sampling time lag. This is especially important 
when considering analyzer control installations. The 
process lag data can be obtained only in the field. At 
the same time, sample-handling techniques can be tried 
and evaluated. 

We have found that by combining the hardware and 
the application testing functions in one program at a 
carefully located test site we have obtained big divi- 
dends in time saved. This is true to some extent of the 
manpower time spent in the actual test work. However, 
the primary saving in time is realized by cutting the 
time lag between the point where a need for some new 
type of equipment is recognized and the point when 
this new equipment is operating routinely in justified 
plant installations. 


TYPICAL INSTALLATION 


One of our trailers in a recent field installation is 
shown in Figure 1. This trailer was constructed to 
Sohios specifications by a custom trailer manufacturer. 
It has proved very adequate to meet our needs. Its 
versatility may be illustrated by the fact that in addi- 
tion to its present occupation as a home for field test- 
ing of process analyzer equipment and applications, 
it has also served as a very adequate mobile control 
laboratory for use on starting up new processing units. 

The interior of a trailer in a typical field testing in- 
stallation is shown in Figure 2. At the far end, office 
and storage facilities are built in. We have found it 
very helpful to maintain a relatively complete inven- 
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tory of spare parts, tools, and miscellaneous control 
system hardware. We do not usually know at the 
beginning of a field testing program all the problems 
we are up against and all the techniques we will want 
to try. Our inventory of assorted hardware has pro- 
vided a real saving in time and effort on a number 
of occasions. 

The working end of a trailer is shown in Figure 3. 
This photograph was taken during a recently com- 
pleted field program that was designed to evaluate the 
techniques necessary for chromatographic control of a 
number of our light ends fractionators. 


TEST SITE SELECTION 

One important factor in realizing the potential 
saving in time is selection of a test site. We have found 
that two major considerations govern our selection of 
a plant site for testing new process analyzer equipment 
and techniques. 

The first consideration is that a definite, recognized 
unit operating problem or question exists at the test 
site. The equipment to be tested is therefore put to use 
almost immediately in solving problems and answering 
operating questions. This means the testing effort soon 
begins to return some of its expenditure. It also helps 
to assure the cooperation of unit operating personnel. 
We have found this to be vitally important to the 
programs success because the unit operators are, in 
the final analysis, the best source of operating informa- 
tion and suggestions. 

The other important consideration that governs our 
selection of field test sites is the easy availability of a 
number of suitable test streams. This may be best 
illustrated by an example: Some time ago we under- 
took the field testing of distillation analyzers. A crude 
oil unit provided a sufficiently wide range of streams 
for extensive testing of this type of analyzers. All the 
refinery streams on which these devices could possibly 
be used were represented adequately by the streams 
available in one particular crude oil unit. The test 
work was then conducted at this location. 


OPERATOR COOPERATION 

Data that were easily developed during the early 
period of one of our evaluation programs are shown in 
Figure 4. They were obtained without upsetting the 
schedule of hardware testing, and they did much to 
gain the cooperation of unit operating personnel. Figure 
4 is a plot of ASTM initial boiling point versus steam 
rate to a crude oil tower side-stream stripper. The in- 
formation depicted in this illustration does not represent 
anything startling or unusual. But these are data the 
unit operating personnel were interested in and had 
desired for quite a while. 

Our experience has shown confidence and interest 
in the field program is further strengthened by the 
operation of our test trailers on the open-door policy. 
That is, we encourage interested refinery personnel to 
drop in at any time and look around and ask questions. 
While such a policy.sometimes holds up our scheduled 
work, we believe it is well worth the price. Communi- 
cation is, after all, a two-way street. We have received 
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FIGURE 4—Practical process operation data are easily 
developed during the test period. 
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FIGURE 5—The final control installation included a 
chromatograph which continuously analyzes a sample of vapor 
from the 45th tray. 
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ANALYZERS IN MOBILE UNIT. 
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FIGURE 7—This illustrates process analyzers are tools that 
enable the affects of variables on a process unit to be con- 
tinuously measured. 


much useful knowledge and many helpful suggestions 
from interested refinery personnel who stopped in at 
one of our test trailers to see what was going on. 


RESULTS OF FIELD EVALUATIONS 


Perhaps it might be well to discuss some details of 
a particular field testing program. As discussed, the 
typical field program is designed to produce data on 
analyzer hardware a well as on application studies. 


The hardware evaluation function encompasses the 
broad areas of sample handling, analyzer accuracy, 
reliability, maintenance requirements, and calibration 
techniques. 

In most cases the analyzer manufacturers have 
shown a great deal of interest in having their equip- 
ment evaluated by this technique. The manufacturer, 
or his area representative, is kept informed of our 
progress and of equipment problems as they arise. In 
one instance, the repeated failure of a stainless steel 
control valve diaphragm caused a low analyzer service 
factor. A number of different diaphragms were tested 
jointly. The problem was finally solved by constructing 
the diaphragms from a better quality of stainless steel. 

Joint programs of this type therefore benefit the 
equipment manufacturer. In this case, what could have 
become a vexing problem to him was solved promptly. 
This cooperation also assures us of the speed and 
quality of service that can be expected from this equip- 
ment supplier in the future. 

The application research function also encompasses 
a number of different areas, including the very im- 
portant subject of economic justification. One of the 
most interesting and profitable areas studied under the 
application function was closing the analyzer control 
loop. 


One such test installation is shown schematically in 
Figure 5. This particular program was aimed at 
learning the techniques necessary for chromatographic 
control of the light ends fractionators. The tower is a 
large two-product superfractionator designed to sepa- 
rate isobutane and nbutane. Field studies showed that 
tower pressure is the operating variable which affects 
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this particular separation most significantly. Studies 
also showed that, under the wide range of feed rates 
experienced by the tower, the vapor on the forty-fifth 
tray (a point somewhat below the feed tray) was the 
most desirable sample for control purposes. 

The final control installation, as shown in Figure 5, 
therefore included a chromatograph which continu- 
ously analyzes a sample of vapor from the forty-fifth 
tray. The chromatographic output is used to stroke 
directly the overhead product drawoff valve. This di- 
rectly varies the tower pressure by adjusting the liquid 
level in the flooded-type overhead condenser. The ab- 
solute pressure variations induced by this control sys- 
tem are less than +1 psi from the average value. 

One interesting point about this tower is that it is 
somewhat oversized for presently available feed. It was 
therefore decided to try to control fractionation to 
maintain the bottoms free from isobutane and the over- 
head free from nbutane. The result of extensive test 
work to establish the proper chromatograph control 
setting to achieve this degree of fractionation is shown 
in Figure 6. Notice that for operator convenience the 
correct setting is presented as a function of external 
reflux rate. This is not strictly correct, but it is ade- 
quate. It is also interesting to note this tower has 
achieved the target zero-zero fractionation since the 
installation of the outlined control system. 


Much of our present effort under this program is 
now of a strict process evaluation nature rather than 
an analyzer evaluation. An example of this is dia- 
gramed in Figure 7. Several process viscosity analyzers 
were temporarily installed in a trailer to moniter the 
streams produced on a vacuum unit. Test work was 
aimed entirely at establishing new or improved unit 
operating correlations. This illustrates process analyzers 
are tools that enable the affects of variables on a 
process unit to be continuously measured. Improving 
operations in those areas where permanent analyzer 
installations cannot be economically justified will in- 
crease the profit potential of these devices still further. 
We can now investigate process unit operations in ways 
that were impossible when control laboratory tests 
were our only quality measuring devices. We antici- 
pate that our program will continue to evolve until it 
is almost entirely process unit testing. 

Original presentation was before the API Division 
of Refining Meeting, Houston, May 8, 1961. 
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Chromatograph Pays Its Way on Alky 


Alkylation efficiency is increased by 
using a chromatograph to analyze five 
of the alky’s streams. See how a four- 
month payout was figured for this in- 
stallation 


John H. Williams, Jr. and Ray L. Witt 
Gulf Oil Corp., Philadelphia 


The installation of the chromatograph on this alkyla- 
tion unit shows it is both feasible and economical to 
continuously analyze five streams with one chromato- 
graph for eight common components. Economic studies 


show the installation has a payout of four months 
based on savings in acid, better isobutane utilization, 
TEL requirements, and laboratory expense. 

Operation on the unit is smoother because the op- 
erators can foresee difficulties and make proper allow- 
ances to avoid any upset. The over-all benefit derived 
from this chromatograph has encouraged the installa- 
tion of similar analyzers throughout the refinery. 


At Gulf Oil Corporation’s Philadelphia refinery, the 
limited availability of isobutane has made its recovery 
for optimum utilization imperative. However, labora- 
tory samples around the tower usually required up to 
24 hours before the results were known. Adjustments 
were then made to approach optimum conditions. 
Cycling would thus occur continuously around the 
control point. 
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FIGURE 1—Five streams are analyzed for eight common components. 
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CHROMATOGRAPH PAYS ITS WAY... 
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FIGURE 2—As more isobutane is stripped out of the spent 
butane, the normal butane content of the isobutane stream 
increases. 
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FIGURE 3—Dilution of the reactor effluent with normal 
butane is at the expense of isobutane. 
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FIGURE 4—Increased normal butane in the reactor causes 
alkylate octane to drop. 
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Laboratory data showed that, for long periods of 
time, the tower was not being properly controlled. It 
was apparent, therefore, that this type of operation 
could not persist and that the solution was to install 
either a continuous infrared analyzer or a chromato- 
graph. The chromatograph, chosen for its greater 
flexibility, was put in operation on April 4, 1960. 


A CHROMATOGRAPH INSTALLED 


A simplified flow diagram of the alkylation unit is 
shown in Figure 1. The five streams which are analyzed 
for eight common components are shown in Table 1. 

Of the five streams, the spent butane undoubtedly 
is the most important from an economical standpoint. 
In fact, many refiners have installed a chromatograph 
on their alkylation unit for the sole purpose of an- 
alyzing this stream and have reportedly been able to 
pay out the investment in a few months. 


To make full use of the chromatograph, it was deemed 
advisable, at a small increase in cost, to analyze con- 
tinuously for five streams with the provision of con- 
stantly monitoring a single stream, should it be desired. 
The reasons for analyzing each of the five streams are 
as follows: 


1. Deisobutanizer overhead (isobutane )—to maintain 
normal butane concentration as low as economically 
possible to decrease acid consumption and _ utility 
consumption and to increase alkylate octane number. 


2. Debutanizer overhead (spent butane)—to main- 
tain isobutane concentration as low as economically 


possible. 


3. Butane-butene feed—to keep propane concentra- 
tion low by adjusting the operation of the gas re- 
covery system at the fluid catalytic cracking unit. 
High propane concentrations in the refrigeration 
section of the unit proved to be particularly trouble- 
some. Hold the quantity of propylene and pentene 
low in order to decrease both acid usage and utility 
consumption. 


4. Butane feed—to keep propane concentration low 
for the same reason as cited previously by making 
suitable changes in the gas recovery facilities at the 
reformers and tube stills. Reduce utility consumption 
by maintaining low concentrations of these com- 
ponents. 


5. Depropanizer feed—to indicate actual propane 
content in the refrigeration system so that its con- 
centration can be held at an optimum level. 


Of course, other advantages are apparent such as: 
®@ Reduced laboratory costs 


®@ Elimination of the inaccuracies and work involved 
in weathering tests 


®@ Readily accessible component data such that ma- 
terial balances can be made without delay. 
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CHROMATOGRAPH PAYS ITS WAY... 


maximum isobutane in order to limit the quantity of 
isobutane blended to gasoline, inasmuch as each barrel 
of isobutane displaces approximately 1.4 barrels of 
spent butane. 

If just these points were considered, it might appear 
that all of the isobutane should be removed from the 
spent butane. Obviously, as more isobutane is stripped 
out of the spent butane, the normal butane content 
of the isobutane stream must increase (see Figure 2) 
As the isobutane purity decreases, however, the normal 
butane content of the reactor effluent increases at the 
expense of the isobutane (Figure 3). Accompanied by 
this normal butane increase is a loss in octane numbe1 
of the total alkylate when blended to the same vapor 
Figure 4). Tetraethyllead (TEL) require- 
ments necessary to raise the alkylate Research octane 
number to the arbitrary figure of 100 are depicted in 
Figure 5. Acid consumption also increases as the purity 
Figure 6 

To arrive at the optimum point of operation, the 
three costs (isobutane utilization, acid consumption, and 
TEL requirements) were totaled for many cases, by 
making use of the correlations just described; and were 
plotted in Figure 7. Existing literature on this subject 
has indicated the optimum point of operation occurs 
somewhere between 2 and 3 percent of isobutane in 
the debutanizer overhead, although the optimum fot 
our particular case occurs at approximately 1.4 percent. 


pressure 


of the isobutane recycle decreases 


Initially we had attempted to control our tower so 
that the isobutane concentration in the spent butane 
Table 2). From the data 
presented here, however, it is apparent that costs in- 


did not exceed 1 percent (see 


crease sharply as the isobutane drops below the opti- 


mum and that it is more economical to operate a per- 


cent or two above this point than a few tenths below. 

Approximately four months would be required for 
the payout as determined from the costs incurred while 
operating without a chromatograph compared to ou: 
present operation. 


WHAT THE INSTRUMENT IS 

The chromatograph consists of three major com- 
ponents: the sample selecting system and analyzer, pro- 
gramer, and recorder. The installation is completed 
by the addition of the sample loops. The analyzer flow 
diagram, Figure 8, illustrates both the sampling system 
and the analyzer. 

The sample loops provide continuously running sam- 
ples to within approximately 6 inches of the selecting 
system. Although some suggest the use of 
Schedule 80 pipe, %-inch Schedule 160 pipe was 
utilized here for sturdiness to eliminate any danger of 
a small line accidentally being broken. Each of these 
five lines can be individually routed through a rotam- 
eter for adjustment of flow. All are manifolded into a 
common return line to the reactor. As shown in Figure 
8, the running line, out of necessity, creates a water 
trap. 


4 -inch 


However, the limited danger of getting water 
into the column is offset by the reduced lag time. A 
valve has been located at the lowest point in the 
sample loop to permit periodic draining of the accumu- 
lated water. 
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A total flow of 2 barrels per hour in these five run- 
ning lines results in a lag time of 2 to 3 minutes. Hold- 
ing volumes in the valves, fittings, and tubing from the 
running lines to the vaporizers must be minimized, 
inasmuch as the average flow of liquid in the line is 
approximately 4 ml per min. For this reason Y-inch 
stainless steel tubing was used. The lag time in this 
system amounts to only 3 or 4 minutes, giving a total 
from the process line to the vaporizer of 5 to 7 min- 
utes. 

The sample selecting and analyzer sections contain 
all the sample-handling equipment which includes the 
original filters, vaporizers, stream-selecting valves, fil- 
ters, rotameter, analyzer sampling valve, chromato- 
graphic column, thermal conductivity detector, and 
carrier gas regulator. A motor timed from the program- 
er operates the sampling valve and periodically in- 
jects a sample into the column. The analyzer itself is 
divided into two compartments, each containing its own 
thermostat. 

Incoming sample and the carrier gas pass through 
tubing in contact with the inside of the 
mandrel heater. This insures that the 
are at the proper temperature before entering the 
thermal conductivity detector. After passing through 
the column and detector, the sample and carrier gases 
are vented to the atmosphere. All this equipment is 
enclosed in a weatherproof box 51% feet by 2 feet by 
3% feet. The separating and measuring means with 
necessary auxiliaries contained therein are designed for 
use in Class 1, Group D, Division 1, areas. 


leneths of 


hollow gases 


The programer contains the master timing motor, 
timing switches for the sample valve motor and auto- 
matic zero control, power supply for the detector, sig- 
nal attenuators and their timing switches, and asso- 
ciated controls and electrical components. 

The recorder is a 0 to 10-mv potentiometer recorder 
with the chart drive controlled from the programer. 
It contains limit switches which operate the automatic 
zero adjustment motor located in the programer. 


WHAT MAINTENANCE iS REQUIRED 

Immediately after startup, maintenance requirements 
were high because of: the caution required in handling 
a new type of instrument and the training that was 
extended to as many instrument men as possible during 
the initial period of operation. Approximately two 
weeks of training are required to qualify an instrument 
man for chromatographic maintenance. An over-all 
average of six man-hours per 
necessary, since the initial period, to keep the unit in 
calibration and perform preventive maintenance. 

A sample of butane-butene charge to the alkylation 
unit is used for standardization. The use of this stream 
makes calibration much easier and faster because seven 


week has been found 


of the eight components are present in significant con- 
centrations. Every three weeks or sooner, if required, 
the chromatograph is calibrated by running a standard 
sample which has been analyzed by the laboratory. 
Helium pressure is used to force the liquid from the 
bomb into a vaporizer. The reading from the first run 
indicates the magnitudes of adjustment required. After 
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corrections have been made, another run is required for 
a check. If any variance is noted, runs are continued 
until no significant deviation exists. A new sample is 
analyzed by the laboratory each time the instrument is 
calibrated. 

Generally, adjustment to two of the eight potentiom- 
eters (one potentiometer required per component an- 
alyzed) was all that was required per calibration. Other 
adjustments, all minor, were negligible at the beginning. 
However, as the activity of the packed column declined 
with age, adjustments to the timing mechanisms were 
necessary to compensate for the decreased residence 
time in the column. The absolute magnitude of any 
component error was never more than approximately 
2 percent when calibrated weekly and 5 percent when 
calibrated biweekly. 

The vaporizer and the filters used for liquid process 
streams on this chromatograph were a source of trouble 
from the very beginning. These vaporizers contain small 
capillary tubing which is approximately 250 » in diam- 
eter. To prevent any solid material from plugging these 
tubes, a 60-y stainless steel filter element was furnished 
at the vaporizer inlet. However, no gasketing was pro- 
vided for this filter, and bypassing occurred which 
eventually plugged the capillary tubing. 

New gasketed filters were then installed which elim- 
inated this problem. Inasmuch as these filters are ex- 
tremely fine, however, periodic cleaning is required. 

The packed column lasted seven months before re- 
placement was necessary. The short life was caused by 
the presence of free water in a sample bomb which 
was being used for calibration or by an emergency shut- 
down of the alkylation unit which possibly permitted 
stearn or condensate to enter the column, or by both. 

OPERATORS SHOW INTEREST 

Prior to startup, the operators naturally were very 
much interested in the chromatograph, its operation, 
and the effect that it would have on the operation of 
the unit. The operators since then have learned to rely 
strongly on the chromatograph for controlling the unit. 


Original presentation was before the American Pe- 
troleum Institute’s Division of Refining, Houston, May 


8, 1961. 
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More on Chromatographs 


Take Liquid Samples for Chromatographs. Process 
gas chromatographs are proving so useful that they 
are being applied to the analysis of higher and higher 
boiling point materials. The development of a liquid 
sampling device sidesteps many of the disadvantages 
which come from vaporizing these higher boiling ma- 
terials in the absence of carrier gas. 

To achieve the additional accuracy needed when 
measuring liquid volumes, an unlubricated rotary disk 
valve is used. Valve sealing is provided by the perfect 
mating of optically flat, hardened steel surfaces. 

Precision temperature control and stable, transistor- 
ized-voltage supply provide a high order of stability 
and sensitivity. Components present in a sample in 
concentrations of only a few parts per million can be 
measured. The analysis of the critical component can 
be displayed digitally as a percentage of the total sample. 

A modified sampling valve can be used to speed 
analyses when only the light ends in a wide boiling 
range sample are required. Extra ports in the valve 
allow the use of a precut column which separates the 
wanted components from the remainder of the sample. 
As components are being analyzed, the heavy ends 
are simultaneously flushed out of the precut column. 
(“Liquid-Sampling Process Gas Chromatographs,” C. 
J. Penther and J. W. Hickling, Shell Development Co., 
Emeryville, Calif.) 


Training Session 


Less ‘Thinking’. Looking ahead 20 years, here are 


some problems executives will face: 


1. How to stay happy when thinking is a smaller part 
of your job. 


2. How to keep from becoming obsolete within your 
career span. 


3. How to deal with invasion of the “longhairs.”’ 


These three problems are derived from the following 
assumptions about what will happen in management 
over the next 10-20 years. 


© Technological change will be much more rapid than 
in the past. 


® Much technological change will take the form of 
information technology—a kind that will move into the 


thinking areas of management. 


@ Information technology will lead to programming 
and reduction of large classes of decisions now made 
through experienced executives. 


These assumptions should lead the executive into 
**Prob- 
lems of the Executive of the Future,’ Harold J. Leavitt, 
Carnegie Institute of Technology, Pittsburgh. 


some major reassessments of his own position. 
a ae 2 
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Predict Poisoning 
Effects of Metals 


New study shows what variables affect 
contaminant coke in catalytic cracking 


H. R. Grane, J. E. Connor and G. P. Masologites 
The Atlantic Refining Co., Philadelphia 


A significant portion of the coke produced in catalytic 
cracking units is the direct result of extraneous metal 
catalyzed reactions. The usual method of measuring the 
degree of contamination of a catalyst is a laboratory 
coke-producing factor (CPF) which relates the coke 
that is formed as a result of the metal contaminants to 
the coke that is formed by silica-alumina cracking. 
Since the two coke-producing reactions are different, 
such a simple relationship can lead to erroneous con- 
clusions. 

By relating contaminant coke—that is, coke resulting 
from the metals—to some basic variables, a useful tool 
is provided. Contaminant coke is shown to depend on 
feed properties, catalyst residence time in the reaction 
zone, catalyst surface area, metal concentrations, and 
the number of cycles of regeneration the metals have 
undergone. Because freshly deposited metals are rapidly 
deactivated as they are exposed to alternating oxidizing 
and reducing atmospheres, the metal content of a cata- 
lyst as analyzed is of little use unless something is also 
known of its history. 

There are approximately 110 fluid catalytic cracking 
units in the United States with a combined fresh feed 
capacity near 2,700,000 barrels per day. In these units 
approximately 25 tons of coke are burned from the 
catalyst each minute. A 5-percent reduction in the coke 
that is formed could mean an added 10,000 barrels per 
day of gasoline and furnace oil products. In addition 
to representing a loss in valuable products, coke pro- 
duction does, in most cases, limit the capacity of a unit 
that has fixed burning air available and limited catalyst 
residence time provided in the regenerator. High yields 
of hydrogen and other noncondensable gases, often 
associated with high coke yields, also over-burden the 
gas-handling facilities. 


The chemistry of coke formation is recognized to be 
extremely complex. Coke is not a specific compound, 
nor does it result from a single reaction mechanism. 
There is the inherent “catalytic coke” which is formed 
when a hydrocarbon is cracked over an acidic catalyst. 
There is the so-called “cat-to-oil coke” which results 
from hydrocarbons being entrapped in the pores and 
interstices of the catalyst as it circulates from the reactor 
to the regenerator. As such, it is related to the circula- 
tion rate and pore volume of the catalyst and to the 
efficiency of the stripping operation. Some feedstocks 
contain “Conradson carbon,” high boiling compounds 
that deposit on the catalyst as a residue. “Contaminant 
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coke” is still another type that is formed to a substantial 
degree. Contaminant coke refers to that produced as a 
result of metal poisons that are present on the cat- 
alyst. As a typical example, the total coke yield from 
one of The Atlantic Refining Company’s fluid catalytic 
cracking units may be broken down as shown in Table 
iy 


TABLE 1—Coke Is Not a Specific Compound 


Type of Coke 
Catalytic 
Cat-to-oil 
Conradson 
Contaminant 


Total 


It is our main purpose in this discussion to look at 
and attempt to typify the coke that is caused by the 
contaminants. Considering the magnitude of coke from 
this source, it is surprising that so little has been pub- 
lished in the way of quantitative relationships. It is 
known, of course, that metals are present in most feed- 
stocks, and that they deposit on the catalyst as the feed 
is cracked. However, a completely satisfactory method 
has not been developed to predict the behavior of these 
metals. 

Laboratory studies wherein the contaminants are 
synthetically deposited have been very informative for 
showing trends, but they have shown that such catalysts 
give a much poorer product distribution than catalysts 
that have been naturally contaminated to the same 
metals content in a cracking unit. This study is part of 
a continuing effort to understand more fully the differ- 
ences between laboratory- and plant-contaminated cat- 
alysts and to develop methods for using laboratory 
results more effectively in predicting commercial be- 
havior. 


The refiner normally uses a coke-producing factor 
(CPF) to indicate the degree of contamination of a 
catalyst. The CPF is a ratio of the coke yield for a 
given catalyst relative to that for an uncontaminated 
catalyst when operated at the same conversion level 
(Figure 1). Since the CPF expresses total reaction coke 
yield as a ratio of catalytic coke, it implies that con- 
taminant coke is directly related to catalytic coke. The 
metal contaminants, however, are in themselves cata- 
lysts which promote dehydrogenation reactions through 
mechanisms quite different from the silica-alumina 
cracking reactions. There is no reason to relate the two, 
and to do so can give quite misleading conclusions. 


It has previously been suggested that the carbon pro- 
duced by the contaminant be considered separately, 
unrelated to the cracking reaction. Using this assump- 
tion, we have attempted to relate quantitatively the 
formation of contaminant coke by correlation methods 
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similar to those used to predict catalytic coke for a clean 
catalyst. 


Contaminant coke as used in this study is the differ- 
ence between the actual coke yield from a contaminated 
catalyst and the predicted coke yield for a clean cata- 
lyst at the same conversion level. It is expressed as per- 
cent by weight of the catalyst. Table 2 shows a typical 
calculation. Much of the experimental data have been 
obtained in the laboratory using 13 percent alumina 


cpFs ‘+20 


COKE YIELD, WEIGHT % OF FEED 
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FIGURE 1—Here is the coke yield obtained from a furnace 
oil medium feedstock. The line is for CPF = 1.0. 
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FIGURE 2—The yield of contaminant coke increases until 
a saturation point is reached. 


TABLE 2—Calculation of Contaminant Coke 


40 g of 0.09 percent iron on 150 sq m per g silica- 
almina. 

20 g (24 ml) 508 F mid boiling-point furnace oil 
medium. 

Test: Standard Atlantic 12 min D+ L test. 

Conversion, as measured.. 31.3 percent by volume of feed 

Coke, as measured 0.75 percent by weight of catalyst 

Coke yield for clean silica-alumina catalyst at 31.3* conversion 
= 0.48 percent by weight of feed or 0.24 percent by 
weight of catalyst 

Contaminant coke = 0.75 — 0.24 = 0.51 percent by weight of 
catalyst 

* The conversion used here should be measured conversion less any con- 


version resulting from contaminant effects. This refinement is significant 
only when catalytic and contaminant coke yields are both high. 


Catalyst: 


Oil: 
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synthetic catalyst and the Atlantic D + L test.’ A 12- 
minute oil cracking period is used, charging 2 ml per 
minute of oil over 200 g of pelleted catalyst in a fixed 
bed at 900° F and atmospheric pressure. The standard 
feed is a light fraction from East Texas crude oil boiling 
between 400° F and 600° F, although other feeds have 
been used. Conversion may be varied by changing the 
weight of catalyst charged. 


EFFECT OF IRON CONCENTRATION AND 
CATALYST SURFACE AREA 


Most of the discussion will be limited to synthetically 
deposited iron on silica-alumina catalyst. The contam- 
ination was done in the laboratory using iron naph- 
thenate dripped onto a fluid bed as described in pre- 
vious work from this laboratory.*** Test measurements 
were made in Atlantic’s D + L equipment, with the 
furnace oil feedstock. 

The contaminant coke per gram of catalyst for various 
iron concentrations on three catalysts of different surface 
area is shown in Figure 2. (Additional points have been 
added to those reported previously.*) 

As the concentration of metal increases on a given 
catalyst, the yield of contaminant coke increases until 
a saturation point is reached. Beyond this point, an in- 
crease in metals content has little effect. It is interesting 
to note that this saturation point is at a different iron 
content for the three catalysts having different surface 
areas and, further, that the critical concentration is 
essentially proportional to the surface areas. This sug- 
gests that the concentration of metal per unit of surface 
area, or possibly the ratio of metal surface area to silica- 
alumina surface area, is a significant variable. By re- 
plotting iron concentration per unit of surface, as shown 
in Figure 3, three curves are obtained, each of which 
changes slope at a metal concentration corresponding 
to a coverage of about 1 percent of a monolayer. At 
the higher concentrations, there is only a slight increase 
in metal activity. Similar results have been found in 
developing platinum reforming catalysts.* 


Another interesting observation is that at a given 
concentration of metal per unit surface area the con- 
taminant coke is directly proportional to the silica- 
alumina surface area. For correlation purposes, the 
relationship could be plotted as shown in Figure 4, 
which makes it clear that the contaminant effect de- 
pends: 1, on the concentration of metal per unit of 
cracking surface area; and, 2, on the total amount of 
this contaminated surface available. 

Similar programs have been carried out using nickel 
and vanadium as the contaminating metals. The con- 
taminant coke obtained from vanadium was very similar 
to that obtained with iron in the low concentration 
range. Nickel, of course, produces more contaminant 
coke than either iron or vanadium at a given metal 
concentration, but the same type of relationship is found 
to hold. When contaminant coke was plotted against 
percent by weight nickel per unit of surface area, a 
graph similar to Figure 3 was obtained, with the con- 
taminant coke being about four times as high as shown 
for iron. The relationships presented for iron can be 
used for approximating total contaminant effect by 
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PREDICT POISONING EFFECT OF METALS... 
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FIGURE 3—A better plot is obtained by using iron con- 
centration per unit of surface. 


using an “equivalent iron” concentration which is equal 
to iron plus vanadium plus four times the nickel con- 
centration. A limited amount of data on mixtures of 
these metals indicates fair agreement with predictions 
made on an equivalent iron basis. This technique should 
be limited to the low concentration range, below 0.002 
percent by weight per square meter of surface. 


DEACTIVATION OF METAL CONTAMINANTS 

Much can be learned by studying the behavior of 
freshly deposited synthetic contaminants, but it is well 
known that commercial equilibrium catalysts containing 
the same metals content give substantially lower coke 
yields. It has been shown previously* that the structure 
and concentration of the contaminant in the feedstock, 
the molecular weight of the feedstock, and the method 
of deposition all affect the catalyst performance. In 
addition, in the case of iron particularly, some of the 
metal originating from corrosion and other foreign 
sources is relatively inert as a contaminant and does not 
affect the selectivity. With all these factors considered, 
however, the laboratory-contaminated and _ plant-con- 
taminated catalysts are still quite different and some 
other explanation must be found to relate the two. 

This additional factor appeared to us to be associated 
with physical and chemical changes that occur after 
the metals are deposited on the catalyst and exposed 
to the process conditions. The deactivation resulting 
from the metals being buried or becoming inaccessible 
from collapse of the silica-alumina structure have al- 
ready been reported.* The frequent change from the 
oxidizing atmosphere of the regenerator to the reducing 
atmosphere of the reactor may well affect the oxidation 
state of the metals, or it may cause them to be deacti- 
vated by sintering and loss of metal surface area. 
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FIGURE 4—Contaminant coke yield equals A times B, 
percent by weight of catalyst. 
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Analysis of samples of regenerated catalyst from our 
commercial unit showed that over 90 percent of the 
nonmagnetic iron was present in the ferrous state. 

In an attempt to get some quantitative information 
on the changes that occur, catalysts with freshly de- 
posited metals were subjected to multiple cracking and 
regeneration cycles. For example, a catalyst of 150 
sq m per g containing 0.2 percent iron was put through 
100 cycles at 900° F, where each cycle consisted of the 
steps shown in Table 3. 


TABLE 3—Each Cycle Consisted of These Steps 
Steps 
Oil cracking 
N2 stripping 
Regeneration, 4 percent O, 
N: purge 


Minutes 
9 


The results are shown in Figure 5. The activity of the 
metal decreases markedly after only one cycle at con- 
ditions which do not affect the activity of the cracking 
catalyst. Upon exposure to additional cycles, the con- 
taminant coke continues to drop, but at a somewhat 
lower rate. The same data on a logarithmic plot can 
be approximated by a straight line for extrapolation 
purposes. 

When the same contaminated catalyst was exposed 
to a 4 percent oxygen stream at 900° F steadily for 
100 minutes—equivalent to 5 cycles—practically no de- 
activation occurred. The alternating oxidation-reduction 
exposure is necessary to alter the activity or surface 
area of the metal. Little change in the deactivation 
rate shown in Figure 5 occurred as a result of doubling 
the oil cracking time or increasing the boiling range or 
sulfur content of the oil used for cracking. This also 
suggests that as long as the alternating oxidizing and 
reducing atmosphere is imposed, the actual cracking is 
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FIGURE 5—The log-log scale is better for extrapolation 
purposes. 


not important. This fact was verified when hydrogen 
was substituted in place of the oil cracking and there 
was no significant change in the decline rate. The 
necessity for burning coke from the catalyst with per- 
haps high local temperatures was also ruled out as an 
important variable by this hydrogen run in which there 
was no coke to burn. 

Doubling the length of the regeneration cycle or in- 
creasing from 4 percent oxygen all the way to 21 per- 
cent oxygen in the regeneration gas had little effect on 
the results. Temperature is another variable that has 
little effect, since a repeat program carried out at 1,050 
F instead of 900° F gave almost the same results. 


What is the significance of this deactivation-rate 
curve? It helps to explain the conflicting reports in 


the literature and in our own experience on the impor- 
tance of contaminant age. During the early cycles of 
deactivation, the metal age is extremely important, but 
after having gone 


through many cycles of oxidation 
and reduction, the effect of age is minor. It is readily 
apparent that the catalyst metal content alone is of 
little value unless its history is also known, and that 
correlations based solely on metals analyses are not 
likely to be effective. : 

In both plant and pilot plant operations, it has been 
observed that when changing from a highly contami- 
nated feed to a less contaminated feed, the coke produc- 
tion drops fairly rapidly—more rapidly than can be 
accounted for by the purging of metals by fresh cata- 
lyst additions. The rapid deactivation of those metals 
deposited just prior to switching to the clean feed offers 
a satisfactory explanation for these observations. 

Using the metal deactivation curve presented and 
making some practical assumptions concerning the age 
of the metal contaminants, useful tie-ins between plant, 
pilot plant, and laboratory contamination results have 
been achieved. We are currently attempting to measure 
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metal dispersion in an effort to get more direct indica- 
tions of metal effectiveness. 


EFFECT OF CATALYST RESIDENCE TIME 

It has long been recognized that laboratory testing of 
a catalyst can give misleading results on coke produc- 
tion, especially if the oil cracking period is of long 
duration. For this have an inherent 
interest in catalyst tests with a short cracking period 
rather than those tests with 1 hour or more of con- 
tinuous oil feed without regeneration. Figure 6 shows 
why catalyst residence time is important in determining 


reason, refiners 


a catalyst CPF. Laboratory tests were run on a typical 
sample of commercial equilibrium catalyst having an 
Atlantic CPF of 2.1. The cracking period, or the cata- 
lyst residence time, was varied from 3 to 18 minutes at 
constant space velocity using a gas oil feed. 

A plot of catalytic coke 
clean silica-alumina 


the coke produced from 
against residence time on log-log 
paper gives a straight line as shown earlier by Voor- 
hies.° Similarly, the contaminant coke shows a straight- 
line relationship, but at a steeper slope. Catalytic coke 
is proportional to residence time to the 0.58 power and 
contaminant coke is proportional to residence time to 
the 0.95 power. Since the slopes are different, the two 
types of coke cannot be simply related, and the CPF 
obviously changes as the time is varied. Over the limited 
range from 3 to 18 minutes, the CPF with this gas oil 
feed increases from 1.3 to 1.7. Because most commercial 
operations have an average residence time in the reactu1 
of only several minutes, a short laboratory test is re- 
quired if direct application is intended. 

A circulating fluid cracking operation has some sig- 
nificant differences from a fixed-bed laboratory cracking 
test. In the former, the oil contacts catalyst with a con- 
stant average carbon content in the reactor, but in the 
latter, whether fluidized or not, the oil contacts catalyst 
of increasing carbon content as the run progresses. It 
is possible, therefore, that the residence time effect 
might be different for the two types of operation. How- 
ever, an analysis of pilot plant and plant data has 
substantiated that 


contaminant coke increases more 
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FIGURE 6—Here are laboratory data using a gas oil feed 
and equilibrium plant catalyst. 
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PREDICT POISONING EFFECT OF METALS . . 


rapidly than catalytic coke as catalyst residence time 
is increased. 

Figure 6 would indicate that there is an advantage in 
operating a cracking unit at low residence time where 
the ratio of contaminant coke to catalytic coke is mini- 
mized. However, if the residence time is reduced by 
increasing catalyst circulation rate, the lower contam- 
inant coke must be balanced against the higher cat-to- 
oil coke. 


EFFECT OF FEEDSTOCK 


If a given contaminated catalyst is tested for its CPF 
with a number of different feedstocks, different CPF’s 
may be obtained. It is not unlikely that, as the chemical 
composition of the feed varies, the relative coke-produc- 
ing reactions catalyzed by silica-alumina or metal poi- 
sons change. The interrelationship of contamination 
level and feed composition is of such a complex nature 
that a great deal more work must be done to gain a 
satisfactory understanding. We have observed that as 
feed boiling range or molecular structure varies, the 
contaminant coke yield varies, and sometimes in the 
opposite direction of the CPF change. Figure 7 shows 
coke yields as a function of conversion for three feed- 
stocks when using a clean catalyst, plus three runs using 
a sample of plant equilibrium catalyst. The three feeds 
have mid-boiling-points of 508° F, 681° F, and 930° F. 
The runs on the equilibrium catalyst were all made 
with the same amount of catalyst and at the same feed 
rate. The contaminant coke per gram of catalyst in- 
creases as the feed gets heavier, but the CPF decreases. 
The CPF is, of course, dependent on the relative coke 
yield from the metals and from the acidic silica-alumina. 

The 508° F mid-boiling-point stock is the charge to 
Atlantic’s standard D + L and CPF test. It was selected 
because of its sensitivity to contaminants on a CPF 
basis. Atlantic CPF ratings are therefore higher num- 
bers than those obtained from other laboratory tests. 

Aside from boiling range, chemical composition is 
also an important variable. Figure 8 shows contaminant 
coke yield as a function of the tricyclic and tetracyclic 
aromatics in the feed. This type of feed characteriza- 
tion has been suggested by Abbott® and others in their 
work. It can be seen that contaminant coke increased 
markedly as polycyclic content increased. The three 
paraffin cuts (P) representing C,,, Coo, and C2; frac- 
tions yielded nil contaminant coke. In other words, a 
plant equilibrium catalyst makes no more coke than a 
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FIGURE 7—The contaminant coke per gram of catalyst 
increases as the feed gets heavier. 
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FIGURE 8—Chemical composition of the feed is also an 
important variable. 
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clean catalyst when charging these stocks. Two cuts 
from a cycle stock extract (E), three cuts from a virgin 
Rodessa gas oil (R), and a full-range commercial gas 
oil (C) were also studied. 

The heavy aromatics, which are well-known coke 
formers, result in even greater coke yields when cracked 
on a contaminated catalyst. An increase in contami- 
nant coke with increasing content of polynuclear aro- 
matics is clearly shown, but the specific relationship 
plotted is not intended as a finished correlation. These 
studies are still in progress. 


Original presentation was before the American Petro- 
leum Institute, Division of Refining, Houston, May 11, 
1961. 
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A Way to Get 
Heavy Normal Paraffins : 
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PROCESSES 


The Molex process has been extended to the 
recovery of normal paraffins as a class, 











in high purity, from hydrorefined 
straight-run stocks boiling above the naphtha 
range. Check these pilot plant data 


D. B. Broughton and A. G. Lickus 
Universal Oil Products Co., Des Plaines, Ill. 


Normal paraffin concentrates in purities exceeding 
95 percent and at recoveries in the vicinity of 85 per- 
cent can be achieved by separation from stocks boiling 
up to approximately 630°F. These normal paraffins 
have potential use as petrochemical intermediates— 
especially in detergents which do not give rise to the 
nuisance of persistent foams. 

Application of the Molex process to achieve normal 
paraffin separation in this boiling range has been 
proven in recent pilot plant studies. For a commercial 
unit to produce 850 barrels per calendar day of normal 
paraffins in the range of C,,.H.. to C.:Hy., the total 
direct operating cost is estimated at 0.58 cent per 
pound of normal paraffins, and total investment is esti- 
mated at $2,500,000. 


A continuous pilot plant unit has been operated for 
extended periods on a variety of hydrorefined straight- 
run charge stocks lying within the boiling ranges of 
kerosine and light gas oil. Analyses of a large number 
of straight-run fractions have shown that, regardless of 
source or of boiling range (within the limits of 200°F 
to 600°F), from 40 to 50 percent of the total paraffins 
are of straight-chain structure. The total normal 
paraffin content of kerosines and light gas oils have been 
found to vary in the range of 17 to 26 percent by 
volume, depending on the type of crude oil from which 
they are derived. 


The properties of the charge stock and of the normal 
paraffin product from Molex treatment of a 396°F to 
520°F ASTM boiling range kerosine containing 21.6 
percent by volume of normal paraffins in the range 
Cy to C,; are shown in Table 1. Similar data are pre- 
sented in Table 2 for treatment of a 416°F to 616°F 
ASTM boiling range light gas oil containing 22.5 per- 
cent by volume of normal paraffins in the range Cy 
to Coo. 

Within analytical precision, the residual contaminants 
have a distribution identical with that of the non- 
normal constituents of the feedstocks. There is no ap- 
parent tendency for particular non-normal species to be 
extracted selectively with the normal paraffins. 
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Individual normal paraffins of even higher purity 
doubtless could be prepared by fractionation of the 
concentrate into individual cuts. 

The superior burning qualities of the extracts are 
shown by their high luminometer numbers and smoke 
points. However, the freezing points at this high purity 
(+14°F for the lighter stock and +70°F for the 
heavier) are much higher than allowed by the standard 
specifications for JP-5 jet fuels. 

It can be seen from Tables 1 and 2 that purities of 
the normal paraffin extracts prepared in the pilot plant 
were 96.6 percent, in the case of the lighter stock, and 
98.6 percent, in the case of the heavier material. 

It has been found necessary to provide feed pretreat- 
ment facilities in order to prevent a fairly rapid decline 
in effectiveness of the molecular sieve adsorbent. With- 
out pretreatment, trace components in the feedstock are 
adsorbed which reduce the rate of adsorption of normal 
paraffins. Loss of sieve activity may be restored by 
periodic regeneration, amounting to burning off the 
carbon. Pilot plant experience indicates, however, that 
such regenerations can be quite infrequent and that 
onstream efficiencies of approximately 90 percent can 
be anticipated. Ultimate sieve life is expected to exceed 
two years. 


WHAT IT WILL COST 

For a unit to produce 850 barrels per calendar day 
of normal paraffins from 4,350 barrels per calendar day 
of a feedstock containing 23 percent by volume of 
straight-chain molecules in either the kerosine or light 
gas oil boiling ranges, the total of direct operating costs 
is estimated at 0.58 cent per pound of normal paraffins, 
corresponding to 31 cents per barrel of charge. This 
figure includes replacement of sieves, chemicals, utilities, 
labor, administration, maintenance, laboratory charges, 
local taxes, and insurance, but does not include an 
allowance for payout. 

The erected cost of this unit, including initial load- 
ings of sieves and chemicals, is estimated at $2,500,000. 


SOME USES FOR NORMAL PARAFFINS 


The absence of large-scale availability of long-chain 
normal paraffins at moderate cost has up to now re- 
stricted development of uses. The potential uses of 
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TABLE 1—Pilot Plant Operation, Mid-Continent Kerosine 


nParaffin 
Product 


| Charge 
Stock 





Gravity, °API 43.2 55.3 
ASTM distillation, °F: 
IBP 396 
10 percent 406 
30 percent 120 
50 percent 433 
70 percent 451 
90 percent 
EP 


Total sulfur, ppm 
lotal nitrogen, ppm 
Hydrocarbon types, Volume Percent 


Luminomete 
Smoke point, mm— 
Freezing point, °F 
‘Paraffins, Volume Percent 
Cio 
11 
12 


13 


TABLE 2—Pilot Piant Operation, Mid-Continent Light Gas Oil 


nParaffin 
Product 


Charge 
Stock 








Gravity °API 39.3 
ASTM distillation, °F 
IBP... 


10 percent 
30 percent 
50 percent 
70 percent 
90 percent 
EP 
Total sulfur, ppm 
Total nitrogen, ppm 
Hydrocarbon ty pes, Volume Percent: 
Saturates 
Olefins 
Aromatics 
Luminometer No. 
Smoke point, mm 
Freezing point, °F 
nParaffins, Volume Percent: 
Ce 
Cio 
il 
12 
13 
14 
15 
16 
17 
18 
19 
20 


TABLE 3—Properties of Normal Paraffins 


Higher | 

Heat of 
Combustion | Lumino- 
Liquid, 68F)| meter 

Btu/Lb No. 


No. of 
C-Atoms in 
Molecule 


Freezing 
Point, 
OR 


Boiling 
Point, 
oF 





345.4 21. 20,48: 175 
384.6 -7443 20,44: 160 
421.3 +14. 26 20,4 160 
455.8 22.3 1 20,33 150 
488.3 2.6 0.7667 20,358 150 
0.7721 20,3: 145 
0.7773* 20,31: 145 

0.7817* 

5 


* For subcooled liquid. 
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normal paraffins boiling in the naphtha range as JP-4 
jet fuel components have been reviewed by Kersten and 
Asselin. In the heavier range, interest has been ex- 
pressed from various sources in their use as raw 
materials for chlorination, to produce materials such as 
flameproofing agents, plasticizers, and lube oil additives. 
According to Brooks,’ chlorinated waxes prepared from 
normal paraffins are of lighter color and are more 
stable toward heat and ultraviolet light than the com- 
mercial chlorinated waxes presently produced. 

A larger potential market may exist in the use of 
long straight-chain paraffins as raw materials for pro- 
duction of so-called “biologically soft” detergents, i.e., 
detergents which are destroyed by the action of natural 
biological agents in streams. Because detergents pre- 
pared from branched-chain raw materials are resistant 
to this action, they persist indefinitely in streams and 
waterways and give rise to persistent foams. It has 
been reported that problems arising from detergent 
foams in waterways have become so severe in some 
districts that legislative action is being considered to 
restrict the release of waste water containing “biologi- 
cally hard” detergents. 

Selected properties of the normal paraffins from 
CioHo2 to CopHy2 are shown in Table 3. It will be 
noted that excellent burning properties are retained 
throughout the JP-5 boiling range as evidenced by high 
luminometer number and high heating value per pound. 
Although the freezing points of these materials are rela- 
tively high, some advantage could be taken of their 
superior burning characteristics by blending the lighter 
members of the series into JP-5 fuel in quantities 
limited by their effect on freezing point. 

Original presentation was before the 
Petroleum Institute, Division of Refining, 
May 11, 1961. 

More about Molex also appeared in PETROLEUM RE- 
FINER: “New Processes Remove n-Paraffins . . . 2—The Molex 
Process,” Vol. 38, No. 4, pp 130-134 (1959). 
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A Refiner Looks 
At Pumps 
Compressors and Turbines 


W. D. Allison 
Humble Oil & Refining Co., Baytown 


Efficient operating experience will result only if good 
work is done in three areas: 


¢ Design, manufacture and application of basic equip- 
ment 


¢ Installation in the field 
© Operation according to established procedure. 


Design. Basically, refiners are interested in purchasing 
equipment of proven design, but many times it is diffi- 
cult to ascertain whether or not equipment at another 
location has been operating in exactly the same service 
as the one you are investigating. New services are 
being developed and designs are being changed to im- 
prove efficiency and reduce cost. New designs are some- 
times extrapolations of successful smaller size equip- 
ment; in some of these cases mechanical problems may 
be encountered because manufacturing test methods 
used on the small machine are inadequate to detect 
flaws in the larger one. 

Performance testing of all applications by the centri- 
fugal compressor manufacturer is very important. 
There was an actual case where a refiner wished to 
install a small-capacity compressor initially and to 
expand the capacity later. A machine of the ultimate 
capacity was applied for the service but the stages 
were not tested for the lower rate on the basis that 
hydraulic calculation showed the surge point to be 
satisfactory. In service, however, the machine was found 
to surge near the design capacity. Subsequent tests 
of the stages at the manufacturer’s plant confirmed 
this, and new impellers and stationary elements had to 
be designed and built to correct this problem—at a 
significant loss of time and money for both parties. 

The result of the surge point being too close to the 
operating point is reduced operating capacity range 
and additional horsepower required for recycling gas 
back to suction. In addition to high operating costs, 
it could result in complete inability to operate by ex- 
ceeding the horsepower capability of the driver. Guar- 
anteeing the surge point for centrifugal compressors 
is something that the centrifugal compressor industry 
is not yet willing to do. We understand that calculation 


techniques do not allow sufficient accuracy at present. 


May 1961—PrEtTROLEUM REFINER 


API IN SESSION 


PUMPS 
COMPRESSORS 
TURBINES 


am 


bp , 








Design of auxiliary equipment has been one of the 
major items of discussion by the members of the sub- 
committee. By auxiliary equipment is meant lubricating 
oil systems, controls, piping, pumps, filters, reservoirs, 
and the like. This is an area where the refiners were 
able to point out to the manufacturers’ subcommittee 
the many costly downtimes which have occured as a 
result of failure of copper tubing and other such in- 
expensive items of equipment too numerous to mention. 
There seemed to us to be too little emphasis given 
this portion of the machine. These small but extremely 
important items are now covered in the API specifica- 
tions which provide “all-steel” flanged oil piping sys- 
tems rugged enough to tolerate people (who somehow 
inadvertently manage to step on this piping) and ar- 
ranged so that items of the system may be removed 
for maintenance without removing the main machine 
from service. Standard auxiliary piping diagrams have 
been prepared for inclusion in the second edition of the 
centrifugal compressor specification in an attempt to 
standardize the user’s requirements and thereby reduce 
the cost of these systems. This is an important step 
and deserves the support of the refining industry. The 
compressor manufacturers tell us that all refinery speci- 
fications are different on this point now; therefore, the 
new standard diagrams are recommended for your 
study. It is the consensus of the manufacturers that 
costs can be reduced if the refiners will use a standard- 
ized system. 

Pumps. At least one design problem on pumps should 
be mentioned. We can probably all agree that mechani- 
cal seals represent the major limitation to increasing 
the period of service obtainable between pump repairs. 
The “flushing” of mechanical seals (circulation of liquid 
through the stuffing box) is most important to obtain- 
ing adequate mechanical seal life; however, there is 
inadequate engineering of these systems on pumps han- 
dling light hydrocarbon such as ethylene and propane. 
Flow rates and pressures in the stuffing box should be 
calculated to assure that proper heat transfer is ob- 
tained at the seal faces and that the liquid does not 
flash to a vapor, thereby reducing seal life. Work has 
been started on this problem in the API subcommittees. 


Abstracted from the paper “Pumps, Compressors, and 
Turbines for Refineries . The Refiner’s Viewpoint” 
originally presented to the API Division of Refining. 
Houston, May 9, 1961. 
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J. R. Siekert 


A Manutacturer 
Looks at Turbines 


Murray Iron Works Co., Burlington, lowa 


The successful design of steam turbines is determined 
by the flexibility designed into standard components 
and assemblies. Customers’ specifications frequently re- 
quire drastic modification of manufacturers’ practice, 
particularly with respect to lubrication systems and 
other auxiliary equipment. 


Costs. To process a general-purpose turbine through 
the Engineering Department may require from approxi- 
mately 3 to 8 percent of the sales price of the unit 
depending on how many extra features it will include, 
whereas to process a large special-purpose turbine for 
blower and compressor drives through this same stage, 
a cost of 25 to 35 percent of the sales cost would be 
required. 


Customer Specifications. These set down some fea- 
tures that the casing is bound to incorporate already 
and some that may require modification. They may be 
slight, they may be drastic, and sometimes will be im- 
possible and require taking exception to the specifica- 
tions, or just not bidding. Examples of this might be 
requirements of excessively high hydrostatic test pres- 
sures for the operating conditions, or in another cate- 
gory, requiring removable packing cases on mechanical 
drive jobs—a feature some manufacturers incorporate 
as standard and others do not. 


Customer’s specifications, however, while they may 
usually follow to some measure a reasonably uniform 
pattern with respect to casing parts, unfailingly have 
distinct and nonconforming requirements for auxiliary 
equipment and, particularly, lubrication systems. There 
are as many approaches to the matter of lubrication 
systems as there are customers, and even the advent of 
API Standard 615 has not created harmonious opinion 
on this subject. Yet the manufacturer maintains certain 
standards for lubrication system design as a basis for 
his design. These standards, of course, incorporate the 
ASME, TEMA and NEMA standards and other ac- 
cepted national standards, as well as his own practices 
for pipe flows, reservoir capacities, filtration required, 
and the like. 

Modifications. If our records indicate that a similar 
modification has been used in the past, the records on 
that unit will be examined and field reports analyzed, 
if there are any, to determine whether or not the modifi- 
cation will be suitable or if it can be further improved. 


Field Reports. With respect to reports from the field, 
the manufacturer can only fall back on the old adage 
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“No news is good news,” for usually, customers, par- 
ticularly refiners with well-staffed engineering depart- 
ments, do not feel the need for the services of a manu- 
facturer’s representative at startup, and the only reports 
available to the manufacturer for his records will be in 
the form of complaints if there is trouble, or in vague 
generalities turned in by the local salesman after making 
a routine call. Usually the time lag between shipment 
and startup is so great that the manufacturer is virtually 
unable to satisfactorily follow up and obtain a report 
on operation in the cases where the manufacturer’s 
services are not specifically requested at startup. 

It must be realized of course, that in most cases, 
customer’s specifications—particularly refiner’s specifi- 
cations—are largely based on experience with operating 
equipment of similar nature for many years. Therefore, 
in a very real sense, these specifications serve also to 
guide the manufacturer in lieu of direct field reports. 
This was brought home repeatedly to most of us who 
served on the manufacturer’s subcommittees by the 
refinery people with the result that, by the time API 
Standard 615 was ready for publication, most of us had 
already made provisions where modifications were indi- 
cated in our basic designs and construction so that our 
units could readily be furnished to conform to this 
standard. Wide acceptance and use of API Standard 
615 by the refiners, contractors, and other customers 
will certainly be valuable in minimizing, at least in 
many cases, the manufacturer’s designing problems, and 
will ultimately result in fewer variations from manu- 
facturer’s standard. On the other hand, more considera- 
tion given to manufacturer’s standard construction, 
where exception is taken, can result in lower costs; and 
if the refiners could devise a way of communicating 
with the manufacturers after units go into operation— 
to report back, so to speak—the manufacturers are 
more apt to develop standards that will better meet field 
requirements. The manufacturers’ subcommittee meet- 
ings held in connection with the development of API 
Standards 614 are a good example of two-way com- 
munications that will accomplish this end. However, 
a letter or report on the startup of an individual ma- 
chine from a customer would have a great deal of in- 
fluence on the manufacturer. 


Abstracted from the paper “Pumps, Compressors, and 
Turbines for Refineries—The Manufacturer’s View- 
point” originally presented to the API Division of Re- 
fining, Houston, May 9, 1961. 
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Will Air Flotation Remove 
the Chemical Oxygen Demand 


of Refinery Waste Water? 


The literature cites as much as 80 percent removal of waste 


water chemical oxygen demand (COD) by air flotation. 


Tests were designed to differentiate between COD reduction 


caused by removal of suspended matter and that caused by 


oxidation of materials dissolved in the water. Here are the 


results 


B. Vail Prather 
DX Sunray Oil Company, Tulsa 


Tests show that the chemical oxygen demand (COD) 
can be more efficiently removed from refinery waste 
waters by the dissolved air flotation clarification proc- 
ess. Addition of phosphates and proper pH adjustment 
produce the desired results. Data from several months 
of experimental runs indicate that the COD removal 
may be increased from 70 percent to as much as 92 
percent. Removal of COD due to dissolved materials, 
may be increased from 20 percent to 35 percent. Re- 
moval of oil and other suspended matter is also im- 
proved. 


What Is Air Flotation? The primary purpose of the 
dissolved air flotation process in treating refinery waste 
waters is clarification by removing the suspended matter. 
This is accomplished by first dissolving air into the waste 
water under pressure, and then releasing it to atmos- 
pheric pressure in a settling basin. The tiny air bubbles 
thus released, adhere to the suspended matter, giving 
it enough buoyancy to float to the surface of the water 
where it may be skimmed. The process is highly suc- 


cessful and is employed by many refineries to clarify - 


waste waters. 


Chemical Oxygen Demand. Further treatment of the 
waste water is usually necessary however, before it is 
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suitable for discharge into the receiving stream. The 
chemical oxygen demand (COD) is one of the principal 
characteristics of the water which must be reduced to 
a low concentration before discharge. High COD will 
reduce the available oxygen in the receiving stream to 
a level too low to support biological life. 

There are several processes that may be used to re- 
duce the COD to the required minimum. Biological 
oxidation is often employed. Units such as trickling 
filters, activated sludge and oxidation ponds give good 
results. Chemical oxidation may be accomplished by 
chlorination, permanganate treatment etc. . . . In either 
case, the higher the COD loading, the larger the treat- 
ing units must be. Therefore, a low COD loading is 
desirable. 

Recently, The Atlantic Refining Company’ reported 
as much as 80 percent removal of COD in their waste 
water by air flotation. Phillips Petroleum Company?’ re- 
ported success in removing much of the COD by this 
method at their Okmulgee, Oklahoma refinery, and 
considers the removal an added advantage of the process. 
The DX Sunray Chemists were intrigued by these re- 
ports, and decided to make a study of the dissolved air 
flotation process. 


PILOT PLANT STUDIES 


A pilot plant unit, with a capacity of approximately 
15 gpm, was installed in our refinery near the effluent 
end of a large oil trap. The trap, located on the princi- 
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pal sewer mains, serves as a primary separator for most 
of the plant wastes. Effluent water from this trap con- 
stituted the charge to the unit. 


Although this water varied considerably in character 
from day to day, the changes were gradual, enabling 
us to make complete studies of waters with a variety of 
concentrations, combinations and conditions. 


Suspended Matter. Since much of the COD of waste 
water is contributed by the suspended matter therein, 
we could reasonably expect a decrease of the COD in 
the effluent from the unit in proportion to the suspended 
matter removed. However, materials which are dissolved 
in the water may also contribute to the total COD. 
These materials will not be removed by simple clarifi- 
cation, but must be chemically stabilized until they are 
unreactive to oxygen. 

With all this in mind, we designed experiments to de- 
termine the effectiveness of the dissolved air flotation 
process in removing that portion of the COD con- 
tributed by materials dissolved in the water as well as 
the total. The difference between the two being that 
contributed by suspended matter only. 


Recycle. The operational parameters for best results 
were determined on the unit by experiment. Typical 
operational data are shown in Table 1. We found the 
most efficient operation could be obtained by pressuriz- 
ing a portion of the effluent from the unit and recycling 
that portion with the charge. The recycle and charge 
waters were mixed in the influent line discharging into 
the settling chamber. 

Analyses of typical waste waters used in the experi- 
ments are shown in Table 2. High, low and average 
figures are given to show the range of experimentation. 


pH Range. In the studies of the efficiency of the proc- 
ess without chemical treatment, we considered only 
those waste waters with a pH range of 7.0 to 10.0. Re- 


TABLE 1—Dissolved Air Flotation Unit— 
Operational Data 


| Charge Recycle 





Volume, GPM 
Temp. °F 
Air, CFH 


sults from water falling outside of these limits were 
erratic, unpredictable, and could seldom be duplicated. 
Data used in the studies were taken only from waters 
falling within the range of the average, plus or minus 
50 percent in order to make the results more compara- 
tive. 


Chemical Treatment. The results of these first studies 
indicated an average total COD removal of 70 percent, 
and an average oil removal of 83 percent. The use of 
floc materials increased the oil removal, but often in- 
terfered with COD removal. The next step in the ex- 
perimental program included a study of the effects of 
various chemical treatments on COD removal. Subse- 
quent experiments revealed the kind of chemical treat- 
ment that would increase the efficiency of the air flota- 
tion process in removing the COD without impairing 
the original purpose; namely, clarification. 

Chemicals used in these studies included lime, soda 
ash, caustic soda, electrolyte coagulant aid and phos- 
phate salts of sodium. Table 3 shows a comparison of the 
percent removal of COD and oil from the waste water 
without chemical treatment and with treatment by vari- 
ous chemicals. Turbidity readings of the effluent waters 
are included to show the clarification efficiency. 


Phosphates Gave Highest CODand Oil Removal. 
Lime and the electrolyte coagulant aid shows slightly 
less turbidity than other treatments, but the better COD 
and oil removal are shown with the phosphate treat- 
ment. Generally, COD removal and turbidity readings 
follow the oil removal which would be expected. The 
percent removal of COD is not as high as that of oil 
due to that portion of COD contributed by dissolved 
material. Table 4 shows a comparison of the percent 
removal of total COD, dissolved COD and oil in un- 
treated and phosphate treated waters. Note that a much 
higher percent removal is shown for the total COD 
than for that due to dissolved material. Nevertheless, 
better removal of this portion of the COD is shown in 
the treated water than in the untreated. Data in Table 
+ are shown only in the pH range of 8.1 to 9.0. 


TABLE 2—Charatceristics of Typical Waste Waters 


| 


As CaCO3 
ppm. i ! 
| — As Na2SO; | Nitrogen 

| M. PPM PPM 


Sulfite | Ammonia 
Phenol Oil CoD 


| PPM | PPM | PPM 


Alkalinity 
| 





Pressure (PSIG High 
Recycle Ratio Low 
(Recycle to Charge Average 


TABLE 3—Comparison of Efficiency of 
Chemical Treatments. 


(pH Range 7.0 to 10.0) 


PERCENT 
REMOVAL | 


Chemical 
cop | oi 


Treatment 


Effluent 
Turbidity 





None } 70 83 104 
Na2zCOs 70 86 50 
NaOH.... 70 80 200 
Lime | 74 92 24 

” 


Waste Water Charge 


1130 338 46 28.6 12000 10400 
20 16 | 3.5 0.8 134 | 1136 
150 56 18 6.3 1500 4500 


TABLE 4—Percent Removal of Total and Dissolved COD in Untreated and Phosphate 


Treated Waters 
(pH Range 8.1 to 9.0) 


= 
PERCENT REMOVAL 
coD 
Effluent 
| Turbidity 


Total | Dissolved 





Electrolyte. ... .| 76 90 27 Untreated 
Phosphate 85 98 28 PO« Treated 
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76 y &: 104 
< | 15 


92 
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Effects of pH. Adjustment of the pH to the proper 
range is important for efficiency. This is true for both 
treated and untreated waters. If processing of waters 
below and above the 7.0 to 10.0 pH range will not pro- 
duce repeatable results, then it is probable that there 
is a range of pH within those limits which will give the 
best results. Acting on this assumption, we divided this 
pH range into three segments; 7.0 to 8.0, 8.1 to 9.0, and 
9.1 to 10.0. 

Waters both untreated and phosphate treated, were 
fed to the unit with pH adjustment to within the three 
ranges. Adjustment was made with lime or sulfuric acid 
as indicated. Table 5 shows the influence of pH on re- 
moval of total and dissolved COD on both untreated 
and phosphate treated waters. The range showing most 
efficiency in each instance is pH 8.1 to 9.0. The high 
percent removal of total COD in this range was con- 
sistant regardless of the concentration of COD in the 
charge. 


TABLE 5—Influence of pH on COD Removal 


PERCENT REMOVAL OF COD 
Total 

pH Range 

(Charge) 


Dissolved 


Untreated PO, Treat | Untreated | PO, Treat 


The photo shows the pressurizing or 
dwell chamber on the left, two chemi- 
cal tanks and feed pumps in the center 
and a large settling tank and skim 
receiver gun barrel on the right. For 
an idea of size, the settling tank is 8 
feet high by 3 feet in diameter. The 
over all length of the unit is 12 feet. 


Effect of Concentration on COD Removal. To avoid 
false impressions, it is necessary to study the effects of 
concentrations of COD in the charge on COD removal 
If the percent removal is constant, then the actual 
quantity of COD left in the effluent water will vary 
with the concentration in the charge water. Table 6 
illustrates this point. 

Three charge waters of differing total COD concen- 
trations show 92 to 93 percent removal, but the quantity 
of total COD left in the effluent water varies directly 
with the quantity in the charge. (Note that the turbidity 
level of the effluent water follows the COD concentra- 
tion.) However, the percent removal of COD due to 
dissolved materials fluctuates relative to the concentra- 
tion in the charge, while the quantity removed remains 
constant. 


Chemical Stabilization of Dissolved Material. As 
stated earlier, the COD due to materials dissolved in 
the water will remain until chemically stabilized in re- 
spect to Such stabilization 
may be accomplished by reaction 
with oxygen until completely oxi- 
dized, by other 
chemicals, forming new compounds 


oxygen. 


or reactions with 
Treated 
Effluent 


Turbidity unreactive to oxygen. 





65 81 15 
76 20 
70 86 19 


7.0 
8.1 
9.1 


8.0 
9.0 
10.0 


92 


TABLE 6—iInfluence of Concentration on COD Removal 


(Charge Treated with PO, * pH Range 8.1-9.0) 


TOTAL COD 
Concentration Removal Concentration 


In Charge In Effluent | 
PPM PPM 


In Charge _ 
| PPM 


PPM | Percent 


In Effluent 
PPM 


DISSOLVED COD 


0 | 38 


5 15 
32 31 


Chemical reactions may be varied 
according to the chemical responsible 
for the dissolved COD. These chemi- 
cals may be inorganic such as sul- 
fides and sulfites of metals or they 
may be organic such as phenols, 
mercaptans, ... The inorganic 
chemicals are usually more easily 

; stabilized than organics. 
In the dissolved air flotation proc- 


etc 
Removal 


PPM Percent 





10400 | 
6400 
4820 


9568 
5888 
4483 


92 
92 


93 | 


560 
430 
405 
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ess, the supply of oxygen for re- 
action is limited by the quantity 
of air compressed into the water. 


168 30 
160 37 
170 40 
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Any further stabilization of the chemicals involved be- 
yond that obtained by reaction with the available oxygen 
must come from reaction with other stabilizing chemi- 
cals. This probably accounts for the uniform quantity of 
dissolved COD removed from the waste water regard- 
less of the concentration in the charge. However, pH 
evidently has some influence on chemical stabilization. 

Referring again to Table 5, it may be seen that the 
percent removal of dissolved COD is improved by both 
pH control and by treatment with phosphates. Average 
percent removal in the 8.1 to 9.0 pH range increased 
from 20 percent in untreated waters to 35 percent in 
phosphate treated waters. It is presumed that phosphates 
reacted with some of the dissolved chemicals responsible 
for the COD, thus stabilizing them. 


Removal of Oil and Suspended Matter. The original 
purpose of the air flotation process is clarification of 
the waste water by removing oil and other suspended 
matter. Table 3 indicates that phosphate treatment im- 
proves the efficiency of the process to a considerable 
extent. The percent removal reported is an average of 
several test runs in the 7.0 to 10.0 pH range. The actual 
quantity of oil left in the final effluent water from these 
runs varied from 15 to 50 ppm. In comparison, the 
quantity left in the effluents from runs with no chemical 
treatment was from 60 to 110 ppm. 


Oil removal was not affected by pH fluctuation within 
this range. Equal results were obtained in all three seg- 
ments of the pH range reported. This was not true of 
the total suspended matter. Turbidity readings of the 
effluent waters were considered to be the most reliable 
indication of the quantity of suspended matter remain- 
ing for comparative purposes. Table 4 shows the tur- 
bidity of effluents from treated waters as 15 compared to 
104 on effluents from untreated waters. Table 5 com- 
pares the turbidity of effluents from treated water in the 
three pH ranges. The lowest is shown in the 8.1 to 9.0 
pH range. 


It may be seen that pH adjustment to the 8.1 to 9.0 
range, and phosphate treatment produce the better 
COD and oil removal and the lower turbidity readings. 
All that remains to be resolved is the economic con- 
sideration. 


Economics. Adjustment of pH with lime or sulfuric 
acid is commonly practiced in the industry. Strong acid 
and strong caustic wastes should be eliminated at their 
source, rather than to depend on costly neutralization 
in the waste disposal system. Boiler blowdown may be 
used to bring the pH from the acidic level to pH 8.1. 
However, if organic treatment is used in boiler waters, 
the COD may be increased because of the organic 
chemicals used. Spent caustic usually contains organic 
chemicals which contribute to COD and should be 
ruled out as a neutralizing chemical. 


The cost of lime necessary for proper pH adjustment 
is negligible providing strong acid wastes, are absent, 
and will be governed by the type and quantity of acidity 
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present. The same is true of the cost of sulfuric acid 
used to neutralize the excess alkalinity. Again, spent 
acids from acid treating units should not be used for the 
same reason that was given in the case of spent caustic. 


Disodium phosphate was found to be the most ef- 
fective phosphate salt used in the experimental studies. 
Good results were obtained using 0.4 to 0.5 pounds per 
thousand gallons. 


If biological oxidation is used for final polishing of 
the waste water before discharge to the receiving stream, 
it will be an advantage to have the phosphates present. 
Often it becomes necessary to add phosphates to biologi- 
cal oxidation unit charge waters as food for the organ- 
isms responsible for biological oxidation of the waste 
materials. 


Control of pH is also a necessity in the operation of 
biological oxidation units. Chemical costs therefore will 
be about the same regardless of the point at which 
chemical treatments are introduced into the waste dis- 
posal system. 


The author greatfully acknowledges the valuable as- 
sistance of Mr. W. J. Gossom, Refinery Utilities superin- 
tendent, Mr. J. O. Johnson his Assistant, and Water 
Laboratory Technicians J. E. Belzer, M. L. Jones and 
D. R. Barolin, all of DX Sunray Refinery, Tulsa. 
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More About Figuring 
Rvp of Blends 


These examples will show how you can predict accurately 


the Rvp of multicomponent blends 


Warren E. Stewart 
University of Wisconsin, Madison 


An accurate prediction of the Reid vapor pressure for 
a motor fuel can be made by using the method discussed 


here. Known as the P method, it correlates the Reid 
vapor pressure and composition for a variety of multi- 
component blends. The examples will illustrate how the 
method is used and show some shortcuts for applying 
this method. 


Developed in an earlier paper,’ the P method is based 
on the following equations: 


- 
=x, 1 Py 


, = 
=X; 


P= (1) 


a F 


x, = —_—_—__ (2) 

F = - H Yi P, 
Here P and P, are reference vaporization equilibrium 
constants (Kz values) for the blend and its components, 


respectively. Recommended values of P; for propane and 
butanes are given in Table 1; for other fuel components, 
and for blends, see Table 2. H is a slowly varying func- 
tion of the Reid vapor pressure of the blend, and is given 
in Table 2. Other terms are defined at the end of this 
paper. 

Equations (1) and (2) include approximate correc- 
tions for non-ideal gas behavior and for the change in 
liquid composition that occurs in measuring the Rvp of 
a mixture. These corrections make it possible to handle 
all fuel components in a blend by a uniform procedure, 
whereas most previous correlations have required special 
procedures to handle Cs; and C, hydrocarbons. 


TABLE 1—Properties of Light Hydrocarbons 





° 


Mi, 
Density as Liquid 
Extrapolated to l atm. 
and 60° F, Ib. moles/bbl. 


7 4.03 
9 3.39 
6 “ 3.52 


Vapor Pressure 
at 100° F, 
psia 





i-Butane 
n- Butane 


Propane 188. 
71 
51 
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o 
A recent review? states the opinion that the P method 
“is complicated for hand calculations if more than two 
components are involved.” To clarify this matter, two 
hand-calculated examples follow which illustrate the ap- 


oO 
plication of the P method to mixtures of more than two 
components. The calculations are simple and straight- 
forward. 


Example 1. Predict the Reid vapor pressure of the fol- 
lowing blend: 


P, (from Tables 


Rvp: 1 and 2) 


Component vi poi 





n-Butane 0.10 
2 0.20 
3 0.70 


3.52 
3.00 
2.70 


46.3 
6.90 
2.98 


7.0 
3.0 





TABLE 2—Functions for Rvp Calculation at a Chamber Vol 
Ratio of N= 4.0 


0 
o P at Given Rvp or H at Given Rvp, 


P; at Given Rvpi (psia) 1 


b. moles/(bbl. 


psia) 








000 
1.00 
1.99 

2.98 

3.97 

4.95 


5.92 


6.90 
7.87 
8.83 
9.79 
10.75 
11.70 
12.65 
13.59 


14.53 


15.47 
16.40 
17.33 
18.26 





| 


0.0036 
0.0037 


0.0038 
0.0039 


0.0040 


0.0041 





MORE ABOUT FIGURING RVP OF BLENDS... 


We start by assuming H = 0.0038, which holds for any 
Rvp from 7.0 to 12.0 psi (see Table 2). In the absence 
of other information we set the activity coefficients y; 
equal to 1.0. The solution of Eqs. (2) and (1) then pro- 
ceeds as follows: 


Component F; =viPmi F+Hy;P, xy = Eq. (2) Xj yiPy 


5.399 
1.443 
1.974 


8.816 





3.018 
2.868 
2.853 


0.1166 
0.2092 
0.6625 


0.9883 


. ae . 2 8.816 
quation (1) then gives P = 0.9883 


At this value of P, Table 2 gives H = 0.0038; hence 
the assumed H is correct. Interpolation in Table 2 then 
gives the predicted Reid vapor pressure of the blend: 


n-Butane 0.352 
2 0.600 
3 1.890 


Totals: F = 2.842 





= 8.92 psi. 


Rvp = 9.1 psi. 


Example 2. A 1,000-barrel batch of the foregoing blend 
is to be pressured to 10.0 Rvp by addition of n-butane. 
How much n-butane must be added? 

For calculations involving unknown quantities of one 
or more components, the following relation based on 
Equations (1) and (2) is convenient: 


e ° 
Pui (¥; Py; — P) =. 





= B, “ 
F+Hy, P, 
where B, is the volume of component i in the blend. 
oO 
At 10.0 Rvp, Table 2 gives P = 9.79 and H = 0.0038. 
The molar density, F, of the finished blend, is unknown 
but may be estimated as 2.85 pound moles/barrel. Sub- 


stitution of numerical values into Equation (3) then 


gives: 


B 





(3.52) (46.3 — 9.79) 
12.85 + (0.0038) (46.3) 


(3.00) (6.90 — 9.79) 


olen 
' “22.85 + (0.0038) (6.90) 





(2.70) (2.98 — 9.79) 
+ B, Dan 24 axe saz Q 
2.85 + (0.0038) (2.98) 





42.47 B, — 3.014 B, — 6.426 B, = 0 (5) 


Setting B, = 1000 « 0.2= 200 bbl. and B, = 1000 « 0.7 
= 700 bbl., and solving Equation (4), we get 


B, = 120 bbl. 


The amount of n-butane initially present is 100 bbl.; 
hence the amount to be added is 20 bbl. 

The above solution is based on the estimated value 
F = 2.85 lb moles/bbl. The resulting blend composition 
can be used, if desired, to obtain an improved value: 


a (120) (3.52) + (200) (3.00) + (700) (2.70) 


F J 
120 + 200 + 700 





= 2.855 lb moles/bbl. 


Clearly the original estimate of F was satisfactory. In 
fact, the solution for B, is quite insensitive to F, as shown 
in the following table: 


Assumed F, 
lb. moles /bbl. 


Calculated B, from 
Eq. (3), bbls. 





5 121.0 
85 120.1 
a. 119.4 


Within the accuracy of the correlation, these results are 
equivalent; hence we conclude that a rough estimate of 
F is satisfactory for practical calculations. For full-range 
C,-EP gasolines, the value F = 2.4 lb moles/bbl is sug- 
gested, unless a better value is available based on opera- 


tions of the given refinery. 


If F in Equation (3) is replaced by a numerical con- 
stant, then the coefficient of B; depends only on the prop- 
erties of component i and on the specified Rvp. For a 
given Rvp specification and a given set of components, 
one can then write Equation (3) with constant numeri- 
cal coefficients, as in Equation (5). Clearly this pro- 
cedure can be extended to blends with any number of 
components, thus providing a simple method of express- 
ing Rvp specifications in large-scale linear programming 
studies. 


NOMENCLATURE 
Volume of component i in a blend, expressed as liquid at 
60° F and 1 atm. before blending. 
* Density of blend as liquid at 60° F and 1 atm. (lb. 
moles/bbl. ) 
Pound-moles of component i per barrel of liquid blend 
at 60° F and 1 atm. = vipm 


Coefficient dependent on N and on the Rvp of the blend. 
Values at N = 4.0 are given in Table 2; for other values 
of N see Reference 1. 


Ratio of gas chamber volume to liquid chamber volume 
in the Reid vapor pressure test. 


Reference value of vaporization equilibrium constant 
(K7); for component i at zero blend Rvp. (See Tables 
1 and 2 of this paper, or Equations 16 and 17 of ref- 
erence 1). 


Reference vaporization equilibrium constant for the total 


blend (See Table 2). 
Reid vapor pressure of total blend (Ib.) 
Reid vapor pressure of component i (Ib.) 


Volume fraction of component i in blend at 1 atm. and 


60° F. 

Estimated equilibrium mole fraction of component i in 
the liquid phase in the Rvp bomb if the Rvp of the blend 
were actually measured. 

Activity coefficient for component i (dimensionless) 


Molar density of component i (pound-moles per barrel as 
liquid at 1 atm and 60° F). 


Summation over all values of i (that is, over all compo- 
nents present in the Reid test except air and water). 
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Now better estimates are possible for reflux rate 
and number of trays in multicomponent distillation. 
Dissatisfied with existing short cuts and empirical 
techniques, the authors devised this method during a 
recent computer study. The method still uses conven- 
tional calculations for minimum trays and minimum 


reflux as starting points, but new correlations give 














more reliable estimates of operating conditions 


Latest Score: Reflux vs. Trays 


J. H. Erbar* and R. N. Maddox 
Oklahoma State University, Stillwater 


HERE IS A RELIABLE method which associates 
reflux rate with number of stages in a multicomponent 
distillation. The four variables are: 


® Minimum reflux rate 

® Minimum number of trays 
® Actual reflux rate 

@ Actual number of trays 


Although the correlation considers the feed is at its bub- 
ble point, an expression is added which permits handling 
feeds in the range from bubble point to dew point. 


The two working plots are shown in Figures 1 and 2. 
Figure 1 is based on calculation of minimum reflux 
using the method of R. Erbar and Maddox."* Figure 2 
is based on the method of Underwood.** Both plots used 
minimum number of trays as calculated by the method 
of Winn.** Plate-to-plate calculations used the method 
proposed by Lewis and Matheson,’® and adapted for 
computer solution by Erbar and Maddox.® 

Numerical calculations were carried out on a digital 
computer using programs developed at Oklahoma State 
University. Necessary equilibrium and enthalpy data 
were taken from the NGSMA Engineering Data Book.** 
These data were taken from a single source to eliminate 
variations resulting from differences in input data. Stock- 
ing et al?° have shown that varying the source of input 
data can cause significant changes in component distri- 
butions. 

Comparison of Figures 1 and 2 with each other shows 
some variation in the shape of the curves. This variation 
is caused by the two different methods for calculating 


* Present Address: California Research Corp., Richmond, Calif. 
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minimum reflux rate. This points out that consistent 
methods for computing the minimum parameters must 
be used for best results. 


Bubble point feed is another of the bases for the cor- 
relation. McCabe-Thiele**® diagram will show however, 
the reflux rate must change if the feed vaporization 
changes in a given fractionator. Since, in general, feed 
entering a distillation column will be at some condition 
other than the bubble point, a method was developed 
for predicting the effect of feed vaporization on reflux 
rate. 

The plate-to-plate program was modified to handle 
the necessary calculations. The modified program com- 
puted the reflux rate necessary to make a specified key 
component distribution with a specified number of 
plates. Twenty-seven calculations of this nature were 
carried out, and the resulting data were used to develop 
Equation 1. 





“CT 


The two assumptions made in the development of this 
equation are: 


@ The latent heat of condensation of the vapor leav- 
ing the top tray of the fractionator will not change 
appreciably with reflux rate. 


The sensible heat effects in the condenser are negli- 
gible when compared with latent heat effects. 


Equation 1 was developed and tested only between the 
bubble point and dew point of the various feed streams 
and may not be valid outside this range. 


Furthermore, the equation was found unsatisfactory 
for predicting changes in the minimum reflux rate to 
account for different feed conditions. 
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LATEST SCORE: REFLUX VS. TRAYS... 


DEVELOPMENTS WHICH LED TO THE 
NEW METHOD 


Process engineers depend on short-cut and empirical 
techniques for determining distillation conditions. The 
advent of digital computers then encouraged the de- 
velopment and extension of more rigorous methods. The 
increasing use of rigorous methods in turn created a de- 
mand for better correlations of the relationship between 
operating reflux ratios and the corresponding required 
number of theoretical plates. 


The relationship between plates and reflux ratio for 
a given separation is shown in Figure 5. Underwood,”* 
proposed that a generalized correlation of this form 
could be used for relating operating and minimum reflux 
ratio to operating and minimum plates. The curve in 
Figure 3 is a hyperbola of the form 


(R—R,,) (S—S,,) =C (2) 


1.00 


080 
070 }070— 


060 


+++ $44 + 


0.10 


The constant C is an undefined variable and would be 
a function of the separation being made in the column. 
Brown and Martin,® Gilliland,’ Donnell and Cooper,‘ 
and Mason,’® have proposed different forms for corre- 
lating the minimum and operating reflux ratio with the 
minimum and operating number of stages. The correla- 
tion proposed by Gilliland’ is a graphical correlation 
that has found widespread acceptance by practicing en- 
gineers. 

Fenske,® and Winn,** have presented methods for cal- 
culating the minimum number of stages for a specified 
separation. Fenske assumed an average value of relative 
volatility could be used to predict column performance 
and derived the following equation: 


a ws = ( Xp ) (=) (3) 
— Xw/ix \ Xp /ux 


Winn assumed equilibrium vaporization constants could 
be expressed as 


Kix = PK yx 


+++ 


Bead, © gaat: 
OS a pitisies 
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+++ 
+++ 
+++ 


FIGURE 1—This correlation of reflux rate with number of trays uses the method of Erbar and Maddox to compute reflux. 
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His form of the total reflux equation is 


LK ei 7 7 — 
Xw LK Xp HK D ( 


Morrison,*® compared results of Equations 3 and 4 with 
results from plate-to-plate calculations. Equation 4 
showed an average deviation of 10 percent from the 
plate-to-plate values while Equation 3 showed an aver- 
age deviation of only 5 percent. 


Many investigators have presented methods for the 
prediction of the minimum reflux rate. In most cases the 
techniques are based on one or more of the following 
limiting conditions: 

Constant molal overflow 

Constant relative volatility 


Multicomponent system treated as a pseudobinary 


~ 
* 
@ Empirical equations 
* 
© 


Product compositions at minimum reflux identical 
with those at actual operation of total reflux 


1.00 


The procedure of Underwood,” is subject to the limi- 
tations of the first two conditions. He does, however, 
provide for the calculation of product compositions. 
Bachelor,’ and R. Erbar-Maddox,*** developed methods 
for calculating minimum reflux that do not rely on any 
of the five assumptions. Bachelor performs tray calcula- 
tions only in the feed zones while R. Erbar-Maddox per- 
form plate material and heat balances in all areas of the 
column. Comparison of minimum reflux values calcu- 
lated by the methods of Maxwell,?7 Underwood,” and 
Winn,”* with values from the rigorous method of R. 
Erbar-Maddox showed Underwood’s values most reli- 
able. Values based on his method differ from rigorous 
values by an average of + 10 percent. 


For the results reported here, approximately forty 
plate-by-plate calculations were carried out on the vari- 
ous feed compositions shown in Table 1. This table also 
shows the range of distillate rate used with these feeds. 
It must be emphasized that only two key component 
distributions or one key component distribution and the 


BASED ON UNDERWOOD 
SSG0 BSS08 RUNS BOGE CSRs eee 
—— EXTRAPOLATED |. 


i4 
++ 44 r3> 


FIGURE 2—In this correlation reflux is computed by the method of Underwood. Dashed lines denote extrapolated conditions. 
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TABLE 1—Feed Composition and Distillate Rate Studied 





FEED IDENTITY 
4 











~— Composition, Mol % 








Totals... cs s 100 100 ~ 100 — | 
—— Rate Studied, D/F | 
| 


100 





Trial A 0.25200 0.20000 0.15761 0.08266 
: ees 0.50000 | 0.40000 | 0.30000 | 0.24500 | 0.60000 | 0.21000 . : . 

Trial C ab 0.60000 | 0.50000 | 0.40000 0.40000 relation between the reflux ratio and 
Trial D ho Spi a 0.55080 mn ee the number of trays required to give 


a certain separation. 


0.30000 | 0.08600 FIGURE 3—This is the generalized 

















total distillate rate may be specified in the determination Mason. The results of this analysis are shown in Table 2. 
of the minimum number of stages or the minimum re- The data resulting from the rigorous calculation of the 
flux rate. In this study two key component distributions minimum reflux rate using the method of R. Erbar- 
were specified. Thus key components were chosen for Maddox are shown in Figure 5. 
each of the calculated separations. Dissatisfaction with these attempts at correlating the 
The data for minimum and operating reflux rate and data prompted the development of a new method for 
number of stages were grouped according to the calcu- relating minimum and operating reflux rate and mini- 
lation procedure used for determining the minimum re- mum and operating number of stages. Consideration of 
flux rate. Both sets of data plotted in the form of Gilli- the number of stages shows that it will vary from infin- 
land’s correlation are shown in Figure 4. Considerable ity at the minimum reflux rate to a minimum value at 
scatter of data is found. total reflux. The ratio S,,/S then will vary between zero 
The data were also subjected to statistical analysis*® *” at minimum reflux) and unity (at total reflux) for a 
in an effort to develop a relationship similar to that of | given key component separation. 


with Plate-to-Plate Calculations 











ERBAR-MADDOX Ru | UNDERWOOD Ru 


Modified Mason Gilliland | Modified Mason Gilliland | 
Plateto |————_- —_— — a ents acai 


Problem Number S % E rror S | % Error s % E rror % Error 














01018.25200. . ee 19.0 19.040 2.116 18.677 1.700 25.5 | 33. 033 8 | 21.648 
52 : 29.0 29.530 1.828 25.692 11.407 2 y | 5.2 17.15% | 40.857 

39.0 32.382 16.969 23.491 39.767 le | 32.018 94! | 61.681 

49.0 F ¢ | 5. 68.486 

8.é : ‘ , 39.0 Si. 291 4.382 38.508 1.265 37.31 | 4.3: 36.885 5.428 
01048.! 50000 Baws dee : 49.0 3.090 12.061 J 4 2) 7.495 
01058.50000. . . ; } 59.0 9.003 5.6 60.929 3.27 3.316 26.58: 53.65 9.148 
01068.50000 69.0 3.793 22.035 70.464 2.12% 5.576 33.948 61. 500 } 10.869 


02026.20000. . . auet 27.0 27.517 91! 26.064 3.46 30.297 62.209 25.799 4.451 
02041.20000 pbitaad 42.0 | 36.399 3.336 40.274 : 35.945 14.417 39.348 | 6.312 
02058.20000. . . oi 59.0 | 45.940 22.136 57.075 3.26: 41.107 30.327 55.1 : | 6.606 
02024.40000 a 25.0 | 31.125 24.! 31.451 25. 29. 85 8 19.433 | 0.804 
02034.40000 de ‘an 35.0 | ; A ee Sea 9.314 28.881 
02044.40000 a | 45.0 | ‘aus «4 30.115 21.643 31.907 
02040.60000 és | 41.0 49.841 21.566 59.644 5. 5.685 11.437 55.68 = ).809 
02050.60000 are 51.0 64.536 26.5 90.87 8.19 50.852 0.289 .492 3.905 
02060.60000 ai ; a ‘ fa . 5 5.368 3.908 78. 338 


03016.15761. beKcaee 17. 17.856 5.03: 3.486 20.6 23.678 39.284 3.387 50.666 
03026.15761. . a 27. : : : » 23.82% 11.771 56 

03021.30000. = 22. 25.697 3.805 25.154 3 28.906 31.390 
0303 1.30000. ‘ 32. : 41.536 2s 33.92% 6.015 
fk, rae 8. 17 AS 2.886 é 788 25.65% 42.512 
03027.50000......... 28. 23.75: 23.58% 25. 438 28.8 3.003 


oes. - ° 5. | = ; ree eecce 21.1 41.237 
04023.08266. . . 5 
04015 5.24500 
04025.24500 
04025.40000. boa d 5.6 ot 3. 51.18 
04035.40000. . <a 37. ‘ 47 .738 38. 5.146 37.124 
04019.55080......... ‘ 21, 20.105 26: 21. of 27.183 
04029.55080 » . < , 30.488 652 30.912 


05016.30000......... ‘ 8. 8.2 5. 18.448 2. 25.402 
05026.30000. . . ae 28. 30.45% 8.76 28.596 2.126 29.724 
05020.60000. . or 22. 24. 9.2¢ 27.19% 23.6 30.123 
05030.60000. aa 32. | 35.162 : 5.007 3.773 36.949 15. 465 


eee 8. ; se 13.974 22.365 
0603 1.08600 ‘ 33. ; eae es'e ) 50.648 
06017.21000 : 9, a sf wtlaadih 2 39: 28.384 
06032.21000 34. : rere 23.225 31.680 
06019.40000. 21, 20.808 0.914 3.4: 57 29.85 42.147 
06033.40000.. . 35. 34.715 0.814 43.200 23.429 30.53% 12.758 


~ 





w 





Average absolute difference. . 11.230% 14.102% 23.123% 





























186 PETROLEUM REFINER—V ol. 40, No. 5 





TABLE 3——Comparison of Proposed Correlation with Plate-to-Plate Calculations 





ERBAR-MADDOX Ra 


UNDERWOOD Ra 





Problem Number 


| hee 
(L/V) min CALC 





02024. 40000.... 
02034.40000... . 
02044 .40000 
02040.60000 
02050.60000. . 
02060.60000. . 


03016.15761. . 

03026.15761 

0302 1.30000 

0303 1.30000 

03017.50000 

CEs cocesccccsiase 0.482 

04013.08266... 
24500. 
-24500. . 

04025.40000 

04035.40000 

04019.55080 

04029.55080. . . 


_ 
Oo 
© 


0.693 
0.667 
0.663 
0.685 
0.658 
0.378 
0.372 


Booby 
SHBES 
& 


OD 
On 


05016.30000.... 
05026.30000. 
05020.60000 . 
05030.60000 . 


0.670 
0.665 
0.443 
0.460 


0.665 
0.415 
0.421 


owhy- 


. gn > botr 
cook BDOonw 


06017.21000 
06032.21000 
06019.40000. 
06033.40000 . 


cess soso ssessss 


im En be Go 
Ro 
on: 








Average absolute difference... 








0. 8¢ 90 


0.500 0.95 y 50: | 0.510 
0.420 5s 34: 


0.625 
0.617 
0.595 
0.592 
0.770 
0.779 
0.780 
0.782 


0.837 


SBksss 


Oo OD 
Bo OO 


1 WOHS SOOHANCCO| wy 
wy IOs a) 
SSSR ISSSR 


to 
a 
NNDP- OOO; 


PAOOOOH 
SSSSh Sse 


0.667 
0.640 
0.810 
0.770 
0.470 
0.440 


0.701 
0.661 
0.555 


0.531 





0.650 
0.520 


0.400 


























Consideration of the range of L,/V, shows that it will 
vary between unity (total reflux) and a minimum value 
greater than zero but less than unity (minimum reflux) 
for a given key component separation. It would seem 
reasonable that a smooth curve could be drawn through 
the points [(S,/S) = 0, (Lo/Vi) mj; [Sm/S) op, 

(L./V1) op] and [(S,/S) 0, (L./Vi) = 1.0]. Plot- 
ting of = raw data of this investigation showed that 
such a smooth curve could be drawn. 


TABLE 4—Data from Proposed Correlation for Effect of Feed Vaporization Compared 


with Plate-to-Plate Calculations 


Two generalized plots relating (L./V,) op, (Lo/V:) m; 
and S,,/S then were developed. These generalized plots 
are the ones shown in Figures 1 and 2. The degree to 
which these correlations represent the data of this inves- 
tigation is shown in Table 3. 

Since the correlations were determined for bubble 
point feed only, an expression was then developed for 
handling feed in the range from bubble point to dew 
point (ref., Equation 1). The data of Table 4 illustrate 
the reliability of this equation for 
saturated feeds. The data for 
Problem No. 03116.15761 represent 





Percent Feed L./D 


Problem Number Vaporization | Calculated 


L./D 
Predicted 


a sloppy separation: i.e., there was 
considerable change in distillate 


Percent 
Error 





POs Sn ccnsnsocess ‘ 19.6 
41.0 
60.2 
79.7 


100.0 
02124.40000......... 


oh eer ere 


Som toN in 
Smyan 


03116.15761 


NEO BR COWOO 


meh 
I= 8 


03121.30000 


04125.40000............... 











Average absolute difference. 
Average absolute difference omitting ‘data of Problem 03116.15761. 
Average absolute difference Problem 03116.15761 
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composition over the feed bubble 
point-dew point temperature range. 
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FIGURE 4—Considerable scatter re- 
sults when the data are compared in 
the form of Gilliland’s correlation. 
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LATEST SCORE: REFLUX VS. TRAYS... 


Original presentation was before the American Insti- 
tute of Chemical Engineers, Tulsa, September 26, 1960, 
and released by the authors for exclusive publication in 
PETROLEUM REFINER. 


NOMENCLATURE 


Total moles of distillate product per unit time 
constant 

total moles of bottoms product per unit time 

total moles of feed per unit time 

feed enthalpy Btu per pound mol 

vapor liquid equilibrium constant defined as y/x 

total liquid rate per unit time at a given point in a 
fractionator 

condenser heat load, Btu per unit time 

reboiler heat load, Btu per unit time 
reflux ratio, defined as L,/D 
minimum reflux ratio, defined as (L 
s= @ 

number of stages in a fractionator 
occurs at R= © 
total vapor rate per unit time 
fractionator 

moles of any component in the distillate product per 
unit time 

moles of any component in the bottoms product per 
unit time 


D),,» occurs at 


°o 1 


minimum number of stages, 
at a given point in a 


exponent, unknown variable 
exponent, defined by equation b = 
exponent, unknown variable 
algebraic variable 

mole fraction of any component in the liquid phase 
mole fraction of any component in the vapor phase 
algebraic variable 

relative volatility, defined by equation a= K,/K, 
change in any quantity 

functional notation of Gilliland’s correlation, defined by 
equation $¢, = R—R,/R+ 1 

functional notation of Gilliland’s correlation, defined by 
equation ¢s = S —S,,/S+ 1 


log K, x./log B Ky 


refers to a known condition 

refers to minimum quantity 

refers to operating conditions 

refers to the rectifying section of a fractionator 
refers to the stripping section of a fractionator 
refers to an unknown condtion 
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Subscripts 


o refers to reflux rate moles 

1 refers to stream quantities leav- 
ing top tray of fractionator 
refers to total amount of liquid 
leaving the condenser. 


Erbar 


computer. 
BASED ON ERBAR-MADDOX Ry, 
it worked in 


0.004 001 004 
(R-R, AS Ree) 


FIGURE 5—Calculated data in the a ae 
form of Mason’s correlation when the 
reflux is computed by the method of 
Erbar and Maddox. 
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Find Best Solvent With This Chart 


It is easier to pick the solvent which will remove a hydro- 


carbon from a petroleum fraction by using the chart pre- 


sented here. The method is simple and gives estimates 


which can be extended into preliminary process design. ‘To 


show how the method works, it is applied to a new process 


for aromatics extraction 


Edward G. Scheibel 
York Process Equipment Corporation, 
West Orange, N. J 


The separation of pure chemicals from petroleum 
fractions can often be made cheapest using liquid extrac- 
tion. Thus, other methods should be explored only if 
practical solvents for the separation cannot be found. 
A way to select the optimum solvent for a particular 
separation is described here. 

In most cases distillation can be eliminated by the 
proper choice of solvent. However, when distillation must 
still be used for satisfactory separation, a solvent selected 
by this method will require a minimum amount of re- 
boiler duty. The method is simple and an example is 
given to show how preliminary process design can be 
made. 


EXTRACTIVE DISTILLATION PREVIOUSLY USED 

Petroleum fractions are the greatest source of organic 
chemicals in the world, yet we burn them indiscriminately 
to obtain only the heat stored up in their hydrogen and 
carbon contents. Thus far, only the more volatile com- 
ponents have been recovered from petroleum in a pure 
state. This has been easy to do because butane and lighter 
components are readily separated by fractional distillation 
of straight-run crudes. 

Higher boiling compounds cannot be isolated by frac- 
tional distillation, however, because they usually are 
present with other close boiling constituents of the crude 
with which they form azeotropes. Thus, extractive dis- 
tillation was developed to cut somewhat deeper into the 
crude to recover pure compounds. Butylenes and toluene 
have been produced on a large scale by this process. 
Vapor pressures of the hydrocarbons vary appreciably 
with molecular weight, relative to the selectivity of the 
solvents in extractive distillation, so that pure compounds 
can be obtained only after the feed is first prefraction- 
ated by distillation to cover a range of less than three car- 
bon numbers. 

On the other hand, when fractionation by liquid 
extraction is used a complete separation of classes of 
compounds from wide boiling fractions is possible. Fur- 
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thermore, since homologs do not form azetropes with 
each other, fractional distillation of the extracted mix- 
ture can yield all the individual components in a pure 
state. It is true that close boiling isomers may be diffi- 
cult to separate by distillation and the application of 
other techniques may then be considered for the final 
purification on the basis of the economics of the process. 
Even so, distillation theoretically can achieve the com- 
plete separation of the extract. 


CHOOSE THE RIGHT EXTRACTION PROCESS 


In the past all liquid extraction processes have sepa- 
rated the solvent from the extracted product by distilla- 
tion. Thus the minimum heat requirements of the process 
were dependent upon the latent heat of the solvent when 
it was more volatile than the extracted components or 
upon the latent heat of the extracted product when it 
was more volatile. 


A new process is now described for separating the ex- 
tracted product from the solvent by reducing the tempera- 
ture to decrease its solubility in the solvent. High recovery 
requirements establish the operating temperature range 
and greatly restrict the number of suitable solvents for 
this process. 

Francis* has provided a very convenient tabulation of 
his extensive data on the critical solution temperatures of 
about 38 different cyclic hydrocarbons in one or more of 
60 different organic solvents. He has arranged his solvent 
list in the order of decreasing critical solution tempera- 
ture and possible solvents may be selected from this list 
based on the number of carbon atoms in the hydrocarbon 
to be extracted. 

The first thirty-four solvents studied by Francis tabu- 
lated in his order are shown in Figure 1. The lines at the 
left show the maximum limits of potential solvents as a 
function of carbon atoms and number of olefinic and 
cyclic bonds. Thus, for the monocyclic aromatics having 
the formula C,Ho2,n-3) and with two carbons in the side 
chain, only solvents up to diethanol amine need be con- 
sidered. In many cases the higher solvents on the list will 
not have a sufficiently steep solubility-temperature curve 
to be applicable. 
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FIND BEST SOLVENT WITH THIS CHART... 


Bicyclic aromatics have the formula CyHo;n-.), and 
may be either naphthalene derivatives or diphenyl 
homologs. The upper limits for both these types are 
identical within the accuracy of the correlation. The 
curve for tricyclic aromatics, C,He(n-»), was drawn 
through the points for anthracene and phenanthrene 
parallel to the other curves. The curve for C,H2(n-s) 
was based on the data for fluorene and that for 
C,Ho(n-4) was based on the data for styrene. Both 
curves were drawn to be consistent with the adjacent 
members of the family. The curve for naphthenes, 
C,,H2,, was also drawn through a single point for deca- 
lin since the critical solution temperatures of the lower 
boiling naphthenes were not determined for the lower 
solvents given in the table. 


This tabulation was also tested by considering the 
solubility of the hydrocarbons at lower temperatures; 
however, there are very little data available for such 
studies. The solubility of benzene in ethylene glycol at 
77° F is given as 6 grams per 100 ml of glycol. However, 
this solvent is unsuitable for extracting benzene by the 
new method discussed here because twenty-five times 
this solubility will place it above the critical solution com- 
position which is generally in the region of 50. Modifica- 
tion can be made, though, to make it applicable and these 
will be discussed subsequently. 

Toluene is soluble to the extent of 3.1 grams per 100 
ml of glycol and 25 times this solubility will give a rich 
soution that is below 50 percent but too close to give 
an operable process. On the other hand, m-xylene is 
soluble to about 1.5 grams per 100 ml of glycol and 
will probably give a practical process for separation 
from paraffins using this solvent. 

These points are consistent with the curves in Figure 1 
which show ethylene glycol unsuitable for benzene and 
suitable for xylenes and indicate this solvent as the upper 
limit to be considered for toluene. It is unfortunate that 
more data are not available at the present time to check 
other solvents in this tabulation in the same manner. 


The cost and melting point of the commercial com- 
pounds are also tabulated in Figure 1. Where the 
prices are obviously on a specialty basis, the com- 
pounds have been designated “not commercially avail- 
able” (NCA). Some of the reported prices are prob- 
ably on the same basis and in evaluating solvents from 
this table it should be remembered that the data are 
for the pure compounds. Isomers do not generally pro- 
vide appreciably different solubility characteristics and 
consequently eutectic mixtures of high melting isomers 
may be available which are liquid at ambient tempera- 
tures and which have a significantly lower price because 
they are by-products of purification which are generally 
difficult and expensive to separate. 


Considering, for example, p-nitrobenzoic acid, the high- 
est melting solvent in the table. The ortho and meta 
isomers melt at 298° F and 286° F, respectively. Their 
ternary eutectic temperature is in the range of 210° F to 
220° F and if available as a by-product at a lower price 
than the pure para isomer, it would have economic pos- 
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sibilities in this process. Other high melting isomers are 
also worthy of more consideration than may be indicated 
by the table of properties in Figure 1. 


SEPARATE AROMATICS FROM PARAFFINS 

In applying liquid extraction to the isolation of pure 
components from petroleum, all of the past experience 
in the separation of aromatics and paraffins for the re- 
fining of gasoline should be considered so the most eco- 
nomic process can be selected immediately for develop- 
ment. The Udex process which is most widely employed 
for the refining of gasoline uses diethylene glycol as the 
solvent and depends upon an extractive distillation to 
remove the last 15 percent of paraffins from the aro- 
matic extract. This is necessary because pure aromatics 
are completely miscible with the solvent at the oper- 
ating temperature of the extractor and therefore can- 
not be obtained by liquid extraction alone. 


A modified process has recently been described* for 
eliminating the extractive distillation column which con- 
sumes the major portion of heat required by the separa- 
tion. This consists of employing pentane for reflux to the 
bottom of the extractor and recovering this reflux from 
the extract solution by flashing it off at a pressure lower 
than the operating pressure of the extractor. The pen- 
tane fraction has a high octane number and small amount 
of residual pentane in the gasoline product is desirable. 

Detailed process calculations by these methods indi- 
cated that about 12 theoretical stages would recover over 
99 percent of the aromatics from the feed at a purity of 
better than 99 percent. The most efficient operation of a 
liquid extraction process which separates the reflux and 
extract product from a less volatile solvent by distillation 
was observed to need a heat utility approximately equal 
to the latent heat of the feed. 

Note that solvent rates are always greater than the 
feed rate in a fractional liquid extraction column so that 
any process using a more volatile solvent, subsequently 
recovered by distillation, will require more heat than that 
necessary to vaporize the feed. 


A New Process Suggested. More recently a process 
has been described which can separate aromatics and 
paraffins with substantially no heat consumption‘. The 
theoretical minimum amount of heat is the heat of mix- 
ing of the feed components which is negligible with re- 
spect to the latent heat of vaporization. The theoretical 
minimum consumption requires infinite heat exchange 
surface for complete heat recovery. Thus a practical 
process will require a small amount of heat which can 
be kept to a minor fraction of the latent heat of vap- 
orization. 

This process is illustrated in Figure 2, applied to the 
refining of gasoline using water as solvent. Feed is pre- 
heated, first against the raffinate, and then against the 
rich extract, before it is introduced into the extraction 
column. Heat in the reffinate leaving the top of this col- 
umn is recovered by the feed as mentioned. 

The rich water extract is cooled by exchange against 
the feed, reflux, and recycle water successively to 480° F, 
where half of the dissolved aromatics are thrown out of 
solution. These are separated by decantation and recycled 
to the extractor as bottom reflux. The water solution is 
then cooled to about 165° F by exchange against the 
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FIND BEST SOLVENT WITH THIS CHART. . 


FIGURE 2—This process uses water to separate aromatics 
from paraffins with substantially no heat consumption. 


recycle water. Cooling the solution an additional 15° F 
by exchange against cooling water reduces the aromatic 
content of the recycle water to about 1.4 percent of the 
concentration of the original rich extract leaving the 
extractor. The aromatic product is separated from the 
water solvent by decantation and the solvent is returned 
to the extractor after heat exchange against the rich 
solvent in the two steps as shown. The final heater, 
C-4, supplies the heat removed in final cooler, C-7 plus 
the difference between the enthalpy of the feed and the 
sum of the enthalpies of the two product streams. 

At the operating conditions of 10 volumes of water 
per volume of hydrocarbon feed the loss of aromatic 
hydrocarbons in the reffinate at the given operating 
temperatures due to the composition of the recycle sol- 
vent will be less than 1 percent of that in the feed. With 
allowance for the additional loss due to incomplete frac- 
tionation in the extractor, yields can approach or even 
exceed 99 percent depending upon the number of 
theoretical stages in the extractor. 


The heat input to the unit is established by economics 
depending upon the cost of heat and the cost of the ex- 
change surface. Reducing the heat input to half will re- 
quire twice the heat exchange surface. Under normal 
conditions the 15° F temperature differential at the cold 
end of the rich solvent to lean solvent exchanger will be 
close to the economic optimum. Since this heat require- 
ment is less than that required to vaporize the feed, the 
process promises operating costs better than those of 
other processes, either now in operation or with their 
proposed improvements. The process also employs the 
cheapest solvent and virtually eliminates the cost of 
solvent losses. Equipment is simpler and in spite of the 
high operating pressures will be cheaper than for the 
current processes. 


Higher boiling solvents may be considered for this 
process but the cost of the solvent loss due to decomposi- 
tion and leakage must be compared with the amortization 
cost of the high pressure equipment. Also before investiga- 
ting other solven possibilities, the essential properties of a 
suitable solvent must be recognized. If the feed consists of 
about equal parts of aromatic and paraffinic hydrocar- 
bons, the ratio of the solubility at the operating tempera- 
ture of the extractor and at the final cold temperature 
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must be at least 50 to obtain 99 percent recovery of the 
aromatics. A ratio of 25 will reduce the maximum yield 
to 98 percent. Also at a Solubility ratio of 50, the maxi- 
mum recovery of the aromatics from a low concentra- 
tion in the feed will be about 98 percent and if the 
solubility ratio in this case should be 25, the maximum 
recovery is reduced to about 96 percent. 

If the slope of the solubility-temperature curve is 
similar to that of benzene in water*, a temperature dif- 
ferential of more than 300° F must be provided be- 
tween the temperature limits of the process. Since tem- 
perature below 90° F or 100° F generally require refrig- 
eration at an additional cost, the extraction column 
must operate at a temperature of at least 400° F. This 
temperature must be below the critical solution temper- 
ature and the only solvents applicable to this process 
will have critical solution temperatures with the ex- 
tracted product in excess of 400° F and preferably 
above 450° F. 


What Other Solvents To Consider. Figure | will now 
be used to select solvents other than water for the sepa- 
ration of aromatics and paraffins in the gasoline boiling 
range. The average carbon number for the aromatics 
will usually be in the range of 8 to 9, and this would 
imply diethanol amine and solvents below it may be 
suitable. However, in the separation by cooling, the 
lower molecular weight aromatics will remain prefer- 
entially in the solvent and the residual solubility will 
correspond closer to a lower carbon number such as 7. 
Hence, only ethylene glycol, formamide, and glycol need 
be considered. 

Ethylene glycol is a borderline solvent giving aromatic 
yields of less than 98 percent by this process. Formamide 
decomposes at its atmospheric boiling point of about 
400° F and while it is the least expensive, the solvent 
cost would be prohibitive. The only solvent other than 
water which is applicable to this separation then is 
glycerol. Its high viscosity may make the phase separa- 
tion in the final product decanter slow and also give 
low heat transfer coefficients in the exchangers which 
represent the major fraction of the total investment 
cost. 

Other polyhydroxyl compounds, not studied by Fran- 
cis, such as sorbitol (M.P. 230° F) may be considered 
as possibilities when mixed with ethylene glycol to give 
a solidifying point below 150° F. Also the hexanetriol 
which will be available from Shell’s new acrolein pro- 
cess may be of interest in this separation. It appears, 
however, that only the hydroxyl group is sufficiently 
polar to produce the low solubility of the lower mole- 
cular weight aromatic compounds necessary for the ap- 
plication of this separation process to the refining of 
gasoline. 


Naphthenes and the higher molecular weight aromatics 
can be separated by a large number of solvents and 
where a wide choice is possible, the solvents should not 
be selected too far below the line in Figure 1. A very 
low solubility at the lower temperatures indicates an ex- 
cessively high temperature will be required to give 
sufficient solubility in the solvent to carry out the 
fractional liquid extraction at a reasonable solvent ratio. 
The primary choices of solvents should be made from 
the first ten solvents tabulated beneath the correlating 
line. 
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EXAMPLES OF SEPARATION PROBLEMS 


As an illustration of the use of these data to other 
separations, consider the extraction of decalin, C, H,s, 
from a petroleum fraction. Where a single compound 
is desired the loss of lower molecular weight compounds 
of the same class in the raffinate is of no importance 
and thus solvents between lactic acid and hydroquinone 
may be considered. In this group, the ones which may 
be used in the lowest temperature range without diluents 
are propylene glycol, lactic acid, diethylene glycol, and 
ethanolamine. Of these lactic acid would probably re- 
quire corrosion resistant equipment and since propylene 
glycol is the least expensive solvent, it should be studied 
first. It is stable and sufficiently high boiling that it will 
not require high pressure equipment at temperatures of 
400° F to 450° F that may be required. 


The preliminary studies on this solvent would con- 
sist of a determination of the solubility of decalin at 
100° F and at 400° F or 450° F. The critical solution 
temperature for this binary system is not given in 
Francis’ tabulation but by extrapolating his data it will 
probably be about 500° F. With this value and the 
previous two solubilities, the solubility-temperature curve 
can be estimated and other operating temperatures 
may be considered. 

A paraffinic compound which can be considered 
representative of the average composition of paraffinic 
fraction is n-undecane which boils identically with de- 
calin and cannot be separated by distillation. A solu- 
bility determination of this compound at the higher 
temperature will provide a basis for estimating the 
selectivity in the extractor and permit a preliminary 
process design for economic consideration. 

Ultimate recovery of pure decalin would be by frac- 
tional distillation of the naphthenic extract, rejecting 
all lower and higher boiling fractions. A preliminary de- 
sign will require knowledge of the other naphthenes pre- 
sent in the original crude which will have to be removed. 
This distillation step is essential to the process and will 
in all probability prove more expensive than the ex- 
traction process described. By existing extraction proc- 
esses, the fractional liquid extraction would probably 
constitute the most expensive step in the recovery. When 
the economics of the recovery process has been estab- 
lished, a thorough investigation of the extraction and 
distillation steps can be conducted by the usual proce- 
dures to finalize the full scale plant design. 


Critical solution data also reported by Francis’ on 
straight and branched chain paraffinic, olefinic, and 
naphthenic compounds indicate interesting possibilities 
for the separation of olefins and parafins. The critical 
solution temperatures were determined for a different 
group of solvents occuring for the most part consider- 
ably above those shown in Figure 1, indicating the curve 
of paraffins is higher than that for naphthenes and off 
the scale of the present figure. Olefins appeared to give 
critical solution temperatures identical to naphthenes of 
the same carbon number with most of these solvents, 
implying that an appreciable selectivity is available to 
separate saturated and unsaturated hydrocarbons by 
fractional liquid extraction. This also confirms the con- 
clusion drawn from the other data of Francis that the 
controlling factor in the selection of a suitable solvent 
depends primarily upon the chemical formula of the 
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hydrocarbon molecule and differences due to arrange- 
ment are slight. Thus the curves on Figure 1 may be 
used to select solvents for the separation of a particular 
olefin as previously discussed for decalin. Propylene 
glycol may be suitable for a wide range of olefin separa- 
tions. 


Modification of The Process. It is not inconceivable 
that a suitable solvent cannot be found to apply the 
present process to a given separation, particularly in the 
case of the low molecular weight compounds which 
offer only a few possibilities. For these applications a 
combination of distillation and cooling can give the 
complete recovery of the extracted hydrocarbons from 
the solvent at a somewhat higher heat consumption but 
less than required by distillation alone. This modifica- 
tion however imposes an additional restriction on the 
solvent; namely, the solvent must boil sufficiently above 
the hydrocarbon so that its concentration in the azeo- 
trope will be low, preferably less than 10 percent. 

The modified process in Figure 3 is similar to Figure 
2 with a final distillation to remove the residual solute 
from the solvent. This is carried the 
which has recovered all possible heat from the effluent 
streams. The final solvent heater is replaced with a dis- 
tillation column in which the residual solute is stripped 
out close to the azeotropic composition with the solvent. 
The reboiler of the column supplies not only all the heat 
make-up as previously discussed but also the latent heat 
necessary to strip the hydrocarbon from the solvent and 
which is ultimately removed in the condenser of the 
column. 

The greater the residual solubility of the extract 
hydrocarbon in the solvent, the more heat will be re- 
quired in this column; thus a suitable solvent should 
not lie too far above the particular curve in Figure 1. 
For the recovery of decalin and Cp olefins, salicyl alco- 
hol and maleic anhydride are possibilities by this modi- 
fication although the latter solvent would have to be 
maintained completely anhydrous to eliminate the need 
for corrosion resistant equipment due to the formation 
of acid by hydrolysis. 

Similarly, diethanol amine and triethanol amine may 
be used to separate aromatics and paraffins in the C, 
and C,; range by this modification and at a lower cost 
than the present process employing diethylene glycol. 


out on solvent 


FIGURE 3—A combination of distillation and cooling can 
give the recovery of the extracted hydrocarbons from the 
solvent with less heat consumption than that required by 
distillation alone. 
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FIND BEST SOLVENT WITH THIS CHART... 


Actually any high boiling solvent below diethylene glycol 
in Figure 1 could separate the aromatics and paraffins 
at a lower heat consumption, but the lowest ones have 
the greatest potential saving. 

Note the recovery of naphthenes from a mixture con- 
taining both paraffins and aromatics will produce an 
extracted product containing all the aromatics in the 
original feed. A pure product can only be obtained by 
a subsequent separation of aromatics and naphthenes 
by a similar extraction process, followed by a fractional 
distillation of the naphthenic product into pure com- 
pounds. Olefins would be recovered in the same manner 
and if present with naphthenes they could only be pro- 
duced in a pure state from the lower molecular weight 
fractions where the boiling point spread between the 
individual naphthenes and olefins is sufficient to permit 
a separation by distillation. Final purification of all 
higher molecular weight compounds will present addi- 
tional problems because of the overlapping boiling points 
of different isomers of the specific classes of compounds 
and design purity will depend upon the requirements 
of the proposed end use of these products. 


FIGURE WHICH SOLVENT IS BEST 

The number of stages in an extraction column de- 
signed for a given recovery and purity is a function of 
the relative solubility of the key components which is 
called selectivity. In processing feeds of the wide boiling 
point ranges common to petroleum fractions, the varia- 
tion of solubility of different homologs with carbon 
number becomes important. Thus, as the side chain of 
an aromatic compound becomes longer or the number 
of side chains increases, the compound becomes more 
paraffinic in its solubility properties. 

In the solvent refining of gasoline a feed covering a 
range of less than nine carbon numbers can theoreti- 
cally* be separated completely into a pure paraffinic 
and a pure aromatic fraction by the use of diethylene 
glycol at 300° F. Gasoline fractions are normally nar- 
rower, so no problems are presented by this limitation. 
In a particular crude reformate, both the paraffinic and 
aromatic fractions may average as Cs hydrocarbons and 
the selectivity of these average components may be de- 
termined on the different solvents. 

It appears that the effect of carbon number on the 
solubility of homologs is different in the different sol- 
vents. The effect of carbon number is greater in water 
so that a feed fraction covering less than five carbon 
numbers is required for a complete separation of aro- 
matics and paraffins with this solvent, even though the 
selectivity for the average components of the paraffin 
and aromatic fractions is the same. It is therefore de- 
sirable to determine the “specificity” of a solvent to 
indicate the maximum boiling range of the feed which 
will permit a complete separation into classes of com- 
pounds. 


If specificity is defined as the relative solubility of 
adjacent carbon numbers of a homologous series, the 
highest specificity would be unity which would permit 
processing a feed of unlimited boiling range. Specificity 
should always be expressed as the ratio greater than 
unity to be consistent with selectivity. Thus, for the 


194 


solubility of non-polar compounds such as hydrocarbons 
in a polar solvent, specificity may be expressed as: 


Solubility of compound containing n carbons 





c= 
Solubility of compound containing (n -++ 1) carbons 


If this ratio is considered constant over a given range, 
or a suitable average value is used, the maximum size 
of a feed fraction that can be separated completely is 
calculated from the relationship: 


B=o 


where £ is the selectivity as usually expressed for the 
average components of the feed (assuming both average 
at the same carbon number) and w is the width of the 
feed fraction in carbon numbers. 

As previously mentioned for the aromatic-paraffin 
separation, the value of w for diethylene glycol is 9 
and for water it is 5. The value for other separations 
and other solvents should also be determined in evalu- 
ating processes where complete separations into groups 
are desired. 

If the width of the feed fraction is too great, it may 
be divided into two groups by a prefractionation. Each 
group of carbon numbers would then be extracted sepa- 
rately and the aromatic and paraffinic products from 
both separations recombined if necessary. Thus in the 
processing of wide boiling fractions by fractional liquid 
extractions, specificity may be as important as the selec- 
tivity and should also be determined for the particular 
solvent by determining the solubility of the homologs 
of the extracted compounds. 


Original presentation was before the American Insti- 
tute of Chemical Engineers, Houston, October 28, 1960, 
and released by the author for exclusive publication in 
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How to Arrange Process Drums 


Here’s how careful evaluation of drum location 


can effectively cut over-all plant cost 


Robert Kern, New York City 


PROCESS AND UTILITY drums serve three main 
purposes— 


1. Drums (and tanks) used for storing liquid or gases 
for a longer period of time (hours, days or weeks). 
Feed and final products are usually stored outside the 
actual process unit area. However, intermediate storage 
drums, drums storing aqueous chemical additives are 
often located inside the unit. In most cases these storage 
drums are at grade and have associated pumps. 


2. The majority of process and utility drums in a 
unit serve as separators. They separate liquid from 
gasses, or nommixing liquids of differing specific gravity. 
In these drums liquid and vapor remain just long 
enough for the desired separation. Drums falling into 
this category are for example: reflux drums, surge drums 
and the various hydrocarbon collecting drums in process 
service; steam flash drums, condensate collecting drums 
and caustic drums in utility service. 


3. Drums for any other services can be grouped under 
the heading for special process application. For ex- 
ample: drums for chemical reactions and chemical 
mixing drums. 


INFORMATION REQUIRED 
Before drums can be arranged in a process plant and 
associated piping designed some essential information 
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FIGURE 1—Here’s how required NPSH for a pump elevates 
a reflux drum. 
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must be supplied to the designer. Items of importance 
are: 


1. Specifications relating to access and platform re- 
quirements to manholes, valves, blinds, relief valves and 
instruments on the drum. Specifications also give mini- 
mum headroom requirements above grade and over 
platforms; also, handling requirements of large relief 
valves, line blinds or special equipment (mixer) asso- 
ciated with the drums. Finally specifications also give 
general requirements for safe and reliable operation. 


2. Detailed process and utility flow diagrams are 
required showing piping details (pipe sizes, rating, 
valves, instruments etc.) associated with the drum. Flow 
diagrams also show related or interconnected equipment 
with the drum. 


3. The plot plan layout shows the physical relationship 
between drums and other process equipment such as 
towers, exchangers and pumps. Relationship between 
yard piping and main access roads is also shown. 


4. Vessel drawings produced by the process vessel 
designer are also required. These drawings show what 
type of vessel is used: vertical or horizontal, supported 
on legs, lugs, skirt or saddles; what process connections 
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FIGURE 2—Requirement of accurate liquid flow control 
can sometimes elevate drums. 
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TO ARRANGE PROCESS DRUMS... 
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FIGURE 3—Gravity flow to 
level control pot can elevate 
drum. 


are required (gas, liquid inlet, liquid and vapor outlet), 
and what utility connections are required (relief valve, 
vent, drain and steam-out.) 


5. Process data are required for the elevation of 
drums relative to grade or other process equipment. 


6. Instrument sketches show the required instruments 
on the drum. 


7. Insulation data give insulation thicknesses for drum 
and associated piping. 


8. Equipment and Standard drawings must also be 
at hand for the physical details of pipe accessories, 
instruments and handling equipment, davit for example. 


All this information is necessary to arrange drums 
and piping in a process plant. The customer’s require- 
ment, written in the specifications, must also be applied. 
The drum and its piping should be a functional part of 
the plant, properly laid out with respect to related 
equipment and facilities as shown on the plot plan. 
Vessel drawings, instrument sketches, data of drum ele- 
vations and dimensions of pipe accessories will govern 
the physical arrangement of piping. 


WHAT ELEVATES A DRUM 


Pump NPSH. Figure 1 shows a flow diagram example 
where a drum has to be elevated by the net positive 
suction head (NPSH) requirement of a centrifugal 
pump. Such arrangements usually elevate a drum from 
8 to 18 feet, measured from grade to the bottom of hori- 
zontal drum or bottom tangent line to a vertical drum. 
Increased pressure and lower temperature in the liquid 
usually results in lowering a drum closer to grade. When 
pumping water or low temperature aqueous chemicals a 
flooded suction line to the pump is usually sufficient and 
the drum can be elevated to a practical minimum from 
grade. The majority of drums are elevated by the NPSH 
requirement of a centrifugal pump. 


Flow Control. Figure 2 shows an arrangement where 
the requirement of accurate liquid flow control in the 
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FIGURE 4—Steam drums on a liquid 
cooled reactor jacket require elevating. 
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FIGURE 5—Shows how liquid vapor dis- 
engaging drums must be elevated over ex- 
changers. 


outlet line elevates the drum. In such cases the liquid 
hydrocarbon is usually near its boiling temperature and 
a static head is required at the orifice to prevent flash- 
ing in the line. Flashing liquid through an orifice results 
in inconsistent flow control. 

An orifice must be at a practical minimum from 
grade. The distance between drum bottom and _ hori- 
zontal run of line is specified by a flow system designer. 
Chis arrangement can place the drum about 8 to 10 
feet above grade. 


Gravity Flow. Figure 3 shows an arrangement where 
gravity flow to other process equipment (collecting pot, 
exchanger) elevate a drum. The size and elevation of 
collecting pot or exchanger; size and arrangement of 
interconnecting piping; clearances for steel structure 
supporting the drum; headroom and access to valves 
and instruments will influence and determine the final 
elevation of the drum. 


Steam Separator. Figure 4 shows an example of an 
elevated steam drum. This drum is used to avoid steam 
collection and overheating in the water cooled reactor 
jacket. The drum, of course, must be supported at the 
top of the tower. 


Separation. Figure 5 shows a liquid vapor disengaging 
drum over exchangers. Here liquid level in drum keeps 
exchanger tubes flooded and the vapor space eliminates 
excessive liquid carry over in the vapor outlet line. This 
drum must be elevated over the exchangers and can be 
mounted directly on the exchanger nozzles. 


Special Process Needs. Figure 6 shows a flow diagram 
where exceptional process requirement elevated a drum. 
Assessment of elevation from a flow diagram is difficult. 
Required conditions must be specified by the flow system 
designer. 

In Figure 6, close temperature control of the flowing 
liquid (urea) was required. The liquid was near its 
solidifying point and was kept just flowing until forced 
through sprayers for prill formation. Because of high 
liquid density another important requirement was the 
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FIGURE 6—For minimum piping, urea 
holding drum was elevated above prill 
tower. 


absolute minimum piping between exchanger, drum and 
spray header. Consequently, the whole arrangement of 
holding drum, pump and exchanger was elevated to 
the top of a high prill tower. 

It has been shown in Figures 1 to 6 how process 
reasons can elevate a drum. Sometimes layout and 
piping economy can also elevate a drum. 


Less Piping. Figure 7 shows a drum, where intercon- 
necting piping terminated at high elevations. There was 
sufficient system pressure to locate the drum at grade, 
but saving in piping without additional cost for access 
and foundation influenced an arrangement of support- 
ing the drum on an adjacent structure. 

Drums can be at grade if flow conditions permit. 
The distance between grade and drum bottom usually 
is about 3.5 to 4.5 feet depending on drum size, bottom 
outlet nozzle size and required valving plus clearances. 


ECONOMY AND DRUM ELEVATIONS 


Obviously, drums are designed independently from 
plant layout and piping arrangements, However, alter- 
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FIGURE 8—Drum and exchangers on 


common support cut overall plant costs. location costs. 
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FIGURE 7—When necessary structure is already available, minimum piping 
can result from drum elevation. 


native drum sizes and details of nozzle and support 
arrangements suggested by the piping designer can be 
evaluated in the interest of overall economy. 

For economical drum location in a process unit the 
designer should focus first on drum supports and con- 
crete foundations. 


Drum Supports. Small vertical drums can often be 
supported on adjacent towers or structural columns thus 
eliminating the cost of a separate concrete foundation. 
Often there is no process objection of turning small 
horizontal drums vertically for a more economical sup- 
port. Small horizontal drums can also be supported on 
towers, but more care and more detailed investigation 
is required concerning drum and tower size, tower shell 
thickness, supporting brackets, load and foundation. For 
foundation economy a horizontal drum of suitable size 
can also be stacked on a single unit exchanger. 


Combined Foundation. Another method of saving 
foundation cost is to position vessel saddles in line with 
footing of other process equipment. On Figure 8 drum 
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FIGURE 9—Use these conventional nozzle locations to minimize piping and drum 
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HOW TO ARRANGE PROCESS DRUMS... 


and exchanger footings have been lined up and com- 
bined. Often alternative drum diameters and lengths 
can be obtained to suit more economical layout condi- 
tions. 


Pump Selection. Most drums are elevated by the re- 
quired NPSH of an associated centrifugal pump. Nat- 
urally a cost difference exists between any two alterna- 
tive drum elevations. (For example a 6 feet diameter 15 
feet long vessel supported 15 feet high adds about $1,500 
to foundation cost against supporting the same drum 4 
feet high.) Added to this is the possible extra cost of 
platforms for manholes, valves and instruments, neces- 
sitated by the higher elevated drum. A vertical pump 
requires a lower NPSH than a horizontal centrifugal 
pump of the same duty. In turn the vertical pump 
lowers a drum closer to grade. But a vertical pump is 
more expensive. A cost comparison (considering also 
operation, maintenance and foundation cost) will show 
the feasibility of selecting a vertical pump. This inves- 
tigation is more important if a small capacity pump is 
associated with a large process drum. 

A horizontal centrifugal pump with low NPSH is 
more expensive than the same capacity pump with a 
high NPSH requirement. Sometimes the saving in 
foundation cost can pay for a more expensive pump. 
On the other hand in some cases a cheaper pump and 
higher elevated drum can be more economical. 

For example, often there is no appreciable cost 
increase in piping and supports for elevating a vertical 


drum say 15 or 20 feet on a tower. But supporting the 
drum 20 feet high might result in a cheaper pump. 
(Incidentally, a pump with a high NPSH can give as 
reliable service as a more expensive pump with lower 
NPSH of comparable duty and make.) 


PIPING ECONOMY AND NOZZLE ORIENTATION 

Piping associated with drums generally is very simple, 
and economy of piping conveniently accessible to valves 
and instruments depends primarily on well oriented 
nozzles. Figure 9 shows conventional process utility and 
instrument nozzle arrangements on a process drum. 
Liquid or gas inlet on the top at one end of the drum 
and outlet on the bottom at the opposite end. A bottom 
inlet is also possible, but this introduces an internal 
standpipe and a wear plate inside the vessel over the 
standpipe inlet. This might be feasible in case of a large 
diameter connection as a bottom inlet can save piping 
and fittings. In some cases centrally located inlet and 
outlet nozzles are more convenient and often accepted 
by the process engineer and vessel designer. Vapor out- 
let is usually radially opposite to liquid outlet. 


Vents and Drains. Vent nozzles are located on the 
top preferably near one end with the drum drain on 
the bottom at the opposite end. This arrangement is 
specially important if the vessel slopes towards its drain 
point. On horizontal vessels drain and vent can be any- 
where along the drum where valve handwheels can be 


198 


conveniently accessible. In case of a top manhole on 
the drum, vent is on the manhole cover. 

Relief valve connections can be placed anywhere in 
the top, preferably close to nozzles with valves, so the 
relief valve access platform can be used for access to 
these valve handwheels. 


Steam Out. It is advantageous to position steam out 
connections opposite to vent (or manhole). This is often 
a hillside connection for convenient access when attach- 
ing the steam hose and for inducing a whirl inside the 
vessel when the steam out is operated. (When steam 
purging the vessel the vent (sometimes the manhole) 
is open releasing gases accumulated in the drum). 


Level Gage. During operation the liquid level in the 
drum is constantly agitated by the incoming liquid or 
liquid-vapor mixture and by the vortex over the draw- 
off connection. (The agitation can be dampened by in- 
ternal baffles). Having inlet at one end and outlet at 
the other end of the vessel the least agitated liquid 
section will be about at the center of the drum. This 
is the best location for gage glasses and level controllers. 
The range of liquid level measurement and elevation of 
nozzles is given by the instrumentation engineer. 


Pressure and Temperature. Pressure connection is 
located in the top so that the face of pressure gage is 
visible from grade or a platform. Temperature connec- 
tion is usually a hillside connection in line and close 
to the bottom outlet, pointing towards access isle or 
platform. 

Vessel saddles are positioned ideally at one fifth of 
the drum length from each tangent line. This is a flex- 
ible dimension, saddles can be quite close to the vessel 
tangent lines if required. 

Manholes can be positioned on the top, in the side, 
or at one end of the vessel. Customers preference often 
determine the location of manholes. Generally, platform 
access is required if the manhole centerline is 12 feet 
or more above grade. 


Vertical Drums. The arrangement of manholes, plat- 
form, nozzles, valving, piping, and instruments of a 
vertical drum is very similar to tower piping design.* 
Vertical drum nozzle, platform and piping arrange- 
ments, of course, is much simpler than tower arrange- 
ments, but design principles involved at both are identi- 
cal. 

The plant layout and location of adjacent equipment 
to process drums can also influence nozzle location or 
the position and orientation of the drum itself. Liquid 
outlet should be the nearest nozzle to pump suction 
nozzle. Process, utility and relief line connections should 
be grouped towards the yard as much as possible if 
lines from these nozzles connect to the yard. The short- 
est pipe runs and the least number of fittings will pro- 
vide obviously the most economical piping arrange- 
ments. The references listed below give additional details 
on piping design. 
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Solve Van Laar 
Equations Graphically 


Here is a simple method for the complete solution of these 


equations which shortens calculating time in solving, 


correlating, or extending vapor-liquid equilibrium data 


A. L. Blancett*, M. A. Vela and H. W. Martin 
Monsanto Chemical Company 
Texas City, Texas 


THE NON-IDEALITY of many binary systems can 
be satisfactorily represented by the Van Laar equations. 
These equations are one solution to the Duhem equa- 
tion, and are frequently used to correlate and extend 
vapor-liquid equilibrium data. The equations, however, 
are complex, and solutions require tedious and time con- 
suming calculations, 

A simple graphical method for the complete solution 
to these equations has been developed which incorpo- 
rates the “Van Laar graph paper” developed by Lu and 
LaVergne.° This procedure shortens calculation time in 
solving, correlating, or extending vapor-liquid equilib- 
rium data, and presents a clearer picture of the two 
phase region and azeotropes. 

First, let’s see how the method was developed. Then 
let’s use it on a number of examples. 


VAN LAAR EQUATIONS 


The Van Laar equations are usually written’: 


log Y; — _ 


l ¢Y, = — ——EEE 
oS "2°" “(1 -F BX,/AX,)? 


* Present address: University of Oklahoma, Norman, Okla. 
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From an equilibrium point, A and B are usually cal- 
culated from the rearranged form‘: 


A = log Y, (1 + X, log y,/X, log y,)? 


1 


B = log y, (1 + X, log Y,/X, log y 


Then, by suitable substitutions for X, and X,, the com- 
plete vapor-liquid equilibrium curves can be determined. 


Basic Graph Paper. Lu and Lavergne® have shown 
that data obeying the Van Laar equations will fall on a 
straight line on a plot of (log y:)?/? vs. (log y2)*/*. This 
is readily shown by solving Equations (1) and (2) for 
X,/X2, and equating, producing: 


(log Y,)* = A%* — (A/B)* (log Y,) * (5) 


A plot of (log y,)** against (log y2)’/* forms the basic 
framework of the procedure. The straight lines on such 
a paper will have a slope of (A/B)*/*, independent of 
the values of A and B. 


Key to New Method. The basis of the new method 
lies in the discovery of another simple fact: all points 
on the (log y:)”* vs. (log y2)*” lines, representing a 
given composition X,, will lie on the same straight line 
through the origin, provided they have the same A/B 
ratio, This can be shown as follows: 

For a given X,, the ratio X./X, is constant. Here 
Equation (1) becomes 


A% = log y,* (1 + (A/B) C) 
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where C= X,/X,=(1—X,), 


ie 


Combining (6) with (5), and solving for (log y:) 


(log Y,)* = (1/C) (B/A)* (log y,)# 


It is evident that at the same X, and A/B, the above 
equation will plot as a straight line on this type of graph 
paper. 

Using this fact, an additional scale of X,’s, arranged 
on lines of constant slope (A/B)?/*, were added to the 
basic graph paper. With this scale, one experimental 
point (Xi, yi, yz) can readily be extended toa complete 
vapor-liquid curve. 


Two Phase Region. Colburn and Schoenborn’® have 
developed a graphical solution for the two phase region 
in terms of the Van Laar equations. They present a 
graph that solves the simultaneous equations which re- 
sult from (1), (2), and Xiyi = Xy’ yi’; Xeye = Xe’ y2": 


xX.’ log X,’/X, : 
= ‘log xX,/X,’ - 


ae 
= 
=" 7s 


1 


x 3 


2 X,X,’ log X,’/X, 
XX,’ log X,/X,’ 


log a 
as -——- — - ie 
(1 + AX,’/BX,’)? 


(1+ AX,/BX,)? 


Lines defining the limits of the two phase region have 
been added to the basic graph. A simple procedure has 
been developed for defining the Van Laar curve from 
mutual solubility data. The solutions to the Equations 

9) and (10) have been replotted in a form that we 
believe is easier to use than the Colburn and Schoenborn 


graph.’ 


Azeotropes. At the azeotrope composition: 


Y,=xX 


1 


¥, ¥F,= 7, VF, 


1 


Y,/Y_ = VP,/VP, 

Lines of constant y:/y2 = VP./VP; were also added 
to the basic graph to permit prediction of azeotropes 
and their composition. These lines extend into and are 
valid in the two phase region for heterogeneous azeo- 
tropes at the point X; = Y;. 


COMPLETE GRAPHICAL SOLUTION 


Figures 1 and 2 present the completed graphs for 
solutions of the Van Laar equations for binary systems. 
(Larger copies are available on request from the au- 
thors.) On Figure 1 are the lines defining the two phase 
region at various values of A, and lines of constant 
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y:/y2 = VP2/VP, for prediction of azeotropes. Figure 2 
presents solutions to Equations (9) and (10) defining 
two phase systems. 


Figure 1 is valid for systems with positive deviations 
(i.e., A and B greater than 0.0). The convention that 
A be greater than or equal to B is also required for use 
of this graph. For negative deviations, the activity co- 
efficients become the reciprocals of those shown; A’s 
and B’s are read as positive numbers. 

Now, let’s look at a few examples to illustrate the ease 
and speed of using this graph. 


Example 1. Vapor-Liquid Equilibrium. The follow- 
ing data point are abstracted from y vs. X curves of 
n-propanol-water® : 


X, = 0.49 


In the usual case, the y’s would be calculated from 


X-Y data by 
¥,=Y,7/X, VP, 


Ye ca Y, T/X, VP, 


Given this one datum point, let’s extend the activity 
coefficient curves over the complete range of compo- 
sitions. 


Using Figure 1, 
the first step is to 
plot a line from the 
origin, through y; 
and y2 to the inter- 
section with X,. 
This point will fix 
A/B. In this case, 
A/B = 2.2. 














By sliding down 
parallel to the A/B 
line, a second line 
representing the 
Van Laar equation 
can be drawn 
through y; and jy. 
From this, A and B 
can be determined. 
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FIGURE 1—Gives graphical solution of Van Laar equations 


two phase region at various values of A and lines of con- 
for binary systems. Shown here are the lines defining the 


stant VP,/VP, for prediction of azeotropes. 
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If In This Region, Reverse | And2 
=f Designations. A Will Always Refer 


FIGURE 2—These Van Laar constants are used for solving Equations (9) and (10) and defining two phase systems. 


Our trial gave A = 1.11 and B = 0.50. The reported 
values are A = 1.13 and B = 0.49. From the line just 
drawn, values of y, and ys can easily be determined 
for any Xj. 

There is an azeotrope in this system, and it can readily 
be predicted from Figure 1. First, however, VP. VP, 
rnust be determined. 


At the b.p. of n-propanol (97.8°C) : 
VP, = 760 mm 


VP, = 700 mm 
VP, VP, =0.92 


At the b.p. of water (100°C) : 


VP, = 830 mm 
VP, = 760 mm 


VP,/VP, =0.92 


Therefore: (VP2:/VP;) avg = 0.92 
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Azeotrope compo- 
sition then is readily 
predicted. A line from 
the origin through the 
intersection of the 
(VP:/VP;) ratio and 
the Van Laar line to the 
A/B ratio produces the 
X, of the azeotrope. If 
the intersection fails to 
occur, there is no azeo- 
trope. 














vR/vP,) 


For n-propanol-water, X, = 0.426 
X, = Y, = 42.6 mole percent n-propanol 


This corresponds to 71.0 wt. percent n-propanol. The 
literature reports a value of 71.7 wt. percent n-propanol.® 
Normally, (VP./VP,) will not vary greatly over the 
range of equilibrium data. However, if a large vari- 
ation is encountered, it will be apparent (by inspection) 
whether an azeotrope exists. Estimates of (VP2/VP;) 
variation can be made to close in on composition. 


Example 2. Vapor-Liquid Equilibrium Data from 
Azeotrope Data. Hougen, Watson and Ragatz* have 
used the ethanol-benzene system as an example. The 
following azeotrope data are given: 


X, (ethanol) = 0.448; b.p. at 1 atm. 68.24° C 
VP, at 68.24° C = 506 mm Hg 
VP, at 68.24° C = 517 mm Hg 


From these data, the Van Laar constants and the 
complete vapor-liquid equilibrium diagram can easily 
be determined. 


First, y: and y2 must be calculated: 


Y, 7 _ 0.448 760 


= ——= 1.502 
"1 , WP, 0.448 





506 


T 0.552 
> VP, ~—-0.552 


760 


es si7— 


1.47 





x 
: f 
x 


Using these val- 

ues and X,, an 

A/S A/B is read off 

ff Figure 1. Here 
A/B = 1.45. 














Py 
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Now, a line 
parallel to A/B 
through y, and 
Y2 will yield the 
Van Laar line 
and the values of 
A and B from 
Figure 1. 

From this line, 
A = 0.83 and B 
= 0.57. By calcu- 
lation, A = 0.830 
and B = 0.577.4 

Now jy; and yz 
can easily be 
read for any composition X,. Using the example of 
Hougen, Watson, and Ragatz:* 














X, = 0.10 


Here yY, = 4.1 


1 


Y, = 1.03 from Figure 1. Calculation produced Y, = 
4.14 and Y, = 1.026. 


Example 3. Vapor-Equilibrium Data from Two 
Phase Data. The composition of the two phases of the 
methyl ethyl ketone-water system at atmospheric pres- 
sure is* 


X, = 0.052 (mole fraction MEK) 
X,’ = 0.5877 


A simple procedure will convert these data into a 
complete Van Laar solution. 
Using Figure 2, the constants A and B are determined 


for the system. For MEK-H,O: 
A = 1.432 
= 0.636 
These values compare to 
A = 1.43 
B = 0.627 from the Colburn-Schoenburn chart,’ 
and A = 150 


B = 0.757 from experimental data.’ 


Ke , ‘ 
The Van Laar line 


through A and B can 
easily be plotted on 
Figure 1 and A/B 
either calculated or 
determined graphi- 
cally (using X, and 
X,’). From Figure 1, 
then, the complete va- 
por-liquid curve can 
be determined. 














Once again, an azeotrope exists in this system, and 
the composition can readily be estimated even though 
this is a heterogeneous azeotrope. ° 
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At the b.p. of MEK (79.6° 
VP, = 760 mm 
VP, = 343 mm 


VP,/VP, = 0.452 


At the b.p. of water (100° C): 


VP, = 1410 mm 


1 


VP, = 760 mm 


VP./VP, = 0.539 


For this estimate, let’s use 


(VP,/VP,) avg = 0.495 


Here, again, a line 
is drawn from the ori- 
gin through the inter- 
section of the Van 
Laar line and (VP./ 
VP,) avg to the A/B 
ratio on Figure 1. 
From this, X, can be 
determined. 

For MEK-water, 
X, = 0.609. This cor- 
responds to 86.2 wt 
percent MEK. The 
literature value report- 
ed is 89.0 wt. percent 
MEK.’ 











‘wr, /v) 





In these examples, the graph has been used as a 
working tool rather than a precision instrument. The 
agreements achieved are those to be expected from rapid 
work, The accuracy of the results will be limited by the 
mechanical size and precision of the chart. Accuracy, of 
course, is measured by agreement with the Van Laar 
equations. 


NOMENCLATURE 


Van Laar equation constant 
Van Laar equation constant 
Mole fraction in liquid phase 
Mole fraction in vapor phase 
Vapor pressure 
Total pressure 


Y Activity coefficient 


Superscripts 


’ Refers to second phase 


Subscripts 


1 Component one 


2 Component two 
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Residue Properties Correlated 


Frequently you must estimate the properties of a material 


from its other properties. Here are some correlations for 


heavy petroleum fractions and residues 


George E. Mapstone, South African 
Torbanite Mining & Refining Company, Ltd. 
Boksburg North, Transvaal, South Africa 


LABORATORY ANALYSES of heavy petroleum 
fractions seem almost always to omit information needed 
for design and process correlations. Now this informa- 
tion can be estimated from charts relating: gravity, 
viscosity, hydrogen content and average boiling point. 
If any two of these properties are available the other 
two can be estimated. 

A chart’ already is available for estimating the hy- 
drogen content from the characterization factor and 
the average boiling point. However, for the heavier 
fractions and residues even these properties are seldom 
available. The charts presented here overcome this 
deficiency. 


GRAVITY-VISCOSITY-CHARACTERIZATION FACTOR 


Watson et al.”** showed the characterization factor, 
K, was a linear function of the API gravity, G, for a 
given viscosity at a given temperature. Their relation- 
ship was: 

K=K,+mG 


where K, and m were both functions of viscosity and 
temperature. Using the data for these functions,* Figure 
1 was drawn to allow the ready calculation of the 
characterization factor of the heavier petroleum frac- 
tions and residues from the API gravity and the vis- 
cosity in centistokes at either 122° F or 210° F 

Example. What is the characterization factor of a 
10° API residue that has a viscosity of 100 cs. at 
210° F? Answer: The characterization factor of the 
residue is 11.3. 


GRAVITY-VISCOSITY-HYDROGEN CONTENT 


When the data used for the construction of Figure 1 
were combined with those for the relationship between 
the characterization factor, K, and the hydrogen con- 
tent it was found that the hydrogen content, H, was a 
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linear function of the API gravity, G, for a given vis- 
cosity at a given temperature. That is: 

H=>a+bG 
where a and b are both functions of viscosity and 
temperature. This new relationship is presented in 
Figure 2. 

Example. What is the hydrogen content of a 10° 
API oil which has a viscosity of 40 cs. at 210° F? 
Answer: The hydrogen content is 10.4 percent by 
weight. 


GRAVITY-BOILING POINT-HYDROGEN CONTENT 

A similar rearrangement and recombination of the 
data show a linear relationship between the hydrogen 
content and API gravity of fractions at constant aver- 
age boiling point (at 760 mm.). This relationship is 
presented in Figure 3. 

Example: What is the hydrogen content of a 10° 
API oil which has a mean boiling point of 400° F? 
Answer: The hydrogen content of the oil is 7.5 percent 
by weight. 

LITERATURE CITED 
“a a 4 £: Fy “Hydrogen Content of Petroleum Fractions,”’ Pet. 


Eng. q 1955). 
2 Watson, K,. M., and Nelson, E. F., Ind. Eng. Chem. 25, 880 (1933). 
B., Ind. Eng, Chem., 


3? Watson, K. M., Nelson, E. F., and Murphy, G. 
27, 1460 (1935). 

., and Fisher, The Siegtery of Petroleum Hydro- 
Sake . E. Boord, S. S. Kurtz, and 


irsch 
outoms, Vol. 2, edited by B. a 


L. Schmerling," Re Reinhold Publishing lk ,» New York, p 38 (1955). 
5 Hougen A., and Watson, K. M., Chemical Process Principles, 
Vol. 1, John Wiley "& Sons, New York, pp 331 — 335 (1943). 


FIGURES ON FOLLOWING PAGES 


About the Author 


Dr. George E. Mapstone is with the 
Benedix-Dermacult group of companies 
ue in Johannesburg, South Africa. Holder 
* = of B.S. and M.S. degrees from Canter- 
\s bury University College, University of 
New Zealand, Dr. Mapstone received 
his Ph.D. and Bachelor of Commerce 
degrees from the University of South 
Africa. Before taking his present posi- 
tion, Dr. Mapstone was chief chemist 
in the shale-development laboratory of 
National Oil, Pty., at Glen Davis, Aus- 
tralia, and then with the South African 
Torbanite Mining & Refining Com- 
pany, Ltd., at Boksburg North, Trans- 
Mapstone vaal. 





RESIDUE PROPERTIES CORRELATED . . . 


x 
~~ 
°o 
+e 
oO 
o 
iL 
Cc 
= 
— 
o 
N 
y 
a 
+ 
oO 
to) 
se 
So 
= 
oO 


rs) 


a 


Viscosity,cs @ 210 °F 





FIGURE 1—Find characterization factor knowing 


gravity and viscosity of heavy petroleum fractions. 


Gravity, °API 





PETROLEUM REFINER—V ol. 40, No. 5 








ee 


aiid Vadiaihal Nadi 


OJAPTTTTP TEP re reyes 








_ 
= 
> a 
a 
° 
= 
mi 
Cc 
@ 
_ 
Cc 
o 
O 
Cc 
@® 
om 
o 
ee 
wo 
= 
Ps 


Viscosity, cs.@ 122 ° F 
Viscosity,cs@ 210 °F 








LBERS ERE REDE REE CEE R ERE EERE ERE eee 


40 


100 
400 
1000 


FIGURE 2—Hydrogen content is seldom determined in the laboratory. Here’s a way to estimate it. 
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FIGURE 3—Rearrangement and recombination of data give hydrogen 
content from gravity and boiling point information. 
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Equipment Cost Data File |EXPANSION ROOF 


N. H. Prater, Mobay Chemical Co., Pittsburgh, Pa. 
John Mylo, The Chemstrand Corp., Decatur, Ala. 


IN THE STORAGE of volatile 
liquids such as gasoline and other 
valuable products, special tanks are 
used to conserve vapors and prevent 
breathing and filling losses. These 
include the moveable roof or vapor 
lift type tanks. Under normal condi- 
tions the lifter roof will rest on the 
roof supports as in the conventional 
cone roof tank. As the volume of 
vapor in the tank increases the roof 
will rise. A 5-foot lift is the mini- 
mum practical lift. Higher lifts are 
normally employed in manifolded 
tank systems. 

Basic cost of expansion or lifter 
roof tanks with a 5-foot lift can be 
estimated from this chart. Prices are 
based on a delivered and erected 
tank on customers foundation. 
Actual costs of specific tanks are on 
the reverse side. 


1000 


STORAGE TANKS 











Vapor Capacity - MCF 


20 38640 60 


Capacity-M Bblis. 
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Equipment Cost Data File pac yt 


IN THE STORAGE of volatile 
liquids such as gasoline and other 
valuable products, special tanks are 
used to conserve vapors and prevent 
breathing and filling losses. These 
include the moveable roof or vapor 
lift type tanks. Under normal con- 
ditions the lifter roof will rest on 
the roof supports as in the conven- 
tional cone roof tank. As the vol- 
ume of vapor in the tank increases 
the roof will rise. A 5-foot lift is the 
minimum practical lift. Higher lifts 
are normally employed in mani- 
folded tank systems. 

Basic cost of expansion or lifter 
roof tanks with a 10-foot lift can be 
estimated from this chart. Prices are 
based on a delivered and erected 
tank on customers foundation. 
Actual costs of specific tanks are on 
the reverse side. 
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20 











Vapor Capacity - MCF 


40 60 80 
Capacity - M Bbis. 





Expansion or lifter roof tanks provide full liquid storage capacity 


as well as a variable vapor space to store the vapors generated in the 


tank or in other tanks to which they are connected. These costs for 


expansion roof tanks having a 5 foot lift are from firm vendors 


quotations. 








Date: 


M/S Index:.... 


Tank Pressure:.... 
Material of Construction: 
TIPO. 

Weight: 

> ee 

F.O.B.:.. 

Price/Pound: 


Price/Barrel:. . . 


14,000 Bbls. 
10,000 cf 
50 foot Diameter 


40 feet High 


5 foot Lifts 


Atmos. 





Carbon Steel 


Vertical Cylindrical 
| 
' 


$36,000 


Florida 


| Liquid Seal Lifter Roof | 
5 foot Lifts 








EXPANSION ROOF 
STORAGE TANKS 











| 3-20-60 


237 
36,000 Bbls. 


’ 


25,000 cf 


| 80 foot Diameter 
40 feet High 


Liquid Seal Lifter Roof 


Atmos. 
Carbon Steel 


Vertical Cylindrical 


| $61,000 


Florida 


$1.70 


Expansion or lifter roof tanks provide full liquid storage capacity 


as well as a variable vapor space to store the vapors generated in the 


tank or in other tanks to which they are connected. These costs for 


expansion roof tanks having a 10 foot lift are from firm vendors 


quotations. 


M/S Index:....... 


oe 


Tank Pressure:.......... 


Material of Construction:. 


i). 
Weight: 
Ewen... 
iS) See 
Price/Pound: 


Price Barrel:..... 


; 3-20-60 


| 237 
| 14,000 Barrels 


| 20,000 cf 
| 50 foot Diameter 
| 40 feet High 


| Liquid Seal Lifter Roof 
10 foot Lift 


| 
. ‘| Atmos. 


.| Carbon Steel 


Vertical Cylindrical 


$43 ,000 


Florida 











3-20-60 

927 

avi 

36,000 Barrels 


50,000 cf 


80 foot Diameter 
40 feet High 


Liquid Seal! Lifter Roof 
10 foot Lift 


| Atmos. 
| Carbon Steel 


| Vertical Cylindrical 


$71,000 


Florida 





3-30-60 


237 
80,000 Bbls. 
57,000 cf 


120 foot Diameter 
40 feet High 


Liquid Seal Lifter Roof | 


5 foot Lifts 
Atmos. 
Carbon Steel 


Vertical Cylindrical 


$106,000 


Florida 





ACCESSORIES: 


Manholes, relief 
valves, roof supports, 
guide devices, spiral 
stairway, ladder, and 
flanged connections 
for usual appurte- 
nances. Prices for 
delivered and erected 
tank on customer’s 


foundation. 








EXPANSION ROOF 
STORAGE TANKS 








| 3-20-60 


237 


80,000 Barrels 


114,000 cf 


| 120 foot Diameter 


40 feet High 


Liquid Seal Lifter Roof 


10 foot Lift 
Atmos. 


Carbon Steel 


Vertical Cylindrical 


$120,000 
Florida 


$1.50 








ACCESSORIES: 
Manholes, relief 
valves, roof supports, 
guide devices, spiral 
stairway, ladder, and 
flanged connections : 
for usual appurte- 
nances. Prices for 

delivered and erected 

tank on customer’s 


foundation. 
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FIGURE 1—In this sketch of the 6.4 liter lab- 
oratory unit, notice the essential features of feed 
pumps for monomer, catalyst solution and dilute 
acid. Also the centrifugal pump provides circu- 
lation and intense agitation for reaction and heat 
exchange. 


Make Polyacrylonitrile Continuously 


These pilot studies show continuous 
polymerization gives better control over 
particle size and molecular weight with 
faster reaction rates and higher yields 


W. M. Thomas and W. C. Mallison* 
American Cyanamid Company, Stamford, Conn. 


These pilot studies show continuous polymerization 
gives better control over particle size and molecular 
weight with faster reaction rates and higher yields. 

Continuous polymerization of acrylonitrile, using 
reactors up to 20 gallons, show these positive advan- 
tages: 

®@ Better control of molecular weight 
© Faster polymerization rates 

® Uniform particle size 

@ Higher polymer yields 

© Lower water retention 

@ Easily handled slurry 

Standard catalysts systems were used,’ both acid and 
iron activated. Glass and stainless steel equipment was 
used. Operating temperatures of 35° to 50° C proved 
satisfactory. However, steel equipment operated effec- 
tively at temperatures as low as 10° C with more active 
catalyst systems. 


PROCEDURE 


All polymerizations were conducted in single-stage, 
continuous flow, stirred tank reactors. A typical design 
is shown in Figure 1. Essential features are feed pumps 
for monomer, catalyst solution and dilute acid, a cen- 


* Present address: Badger Manufacturing Co., Cambridge, Mass. 
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trifugal pump to provide circulation and intense agita- 
tion and an external heat exchanger. For the smaller 
reactors this heat exchanger was a simple tubular con- 
denser. The cylindrical reactor had a conical bottom, 
an overflow tube and an agitator that provided some 
additional mixing. In these experiments the capacity 
of the reactor was varied from 2 liters to 20 gallons 
without significant change in performance. 

A preferable mode of starting was to charge the 
reactor with a mixture of polymer (from a previous 
run), water, acid and catalyst in proportions corre- 
sponding to those anticipated at the steady state. This 
mixture was degassed thoroughly with CO, or N, before 
starting the feeds. Polymer slurry was discharged into 
contact with the air, which stopped further reaction, 
but various short-stopping agents could be added if 
desired. Samples of slurry were filtered, washed with 
a large volume of water and dried at 70° C. Usually 
an experiment continued for four or more residence 
times, at which point the reactor contents was taken 
to represent close to steady-state conditions. 


Polymer yields were calculated from the cumulative 
weight of polymer recovered or from the percent poly- 
mer in the reactor at the end. Slurries were examined 
microscopically from time to time and slurry viscosities 
were rated qualitatively. 


A molecular weight index was obtained by dissolving 
one gram of dry polymer in 100.0 ml of an aqueous 
solution containing 60 percent NaSCN by weight and 
measuring the viscosity with a capillary viscometer at 
40.0° C. The viscosity in centipoises times 3,500 is 
recorded here as “molecular weight,” and should be 
regarded only as a convenient index and not as a true 
number or weight average molecular weight. 


The monomer was either pure acrylonitrile or a 
mixture of 5 percent methyl acrylate with 95 percent 
acrylonitrile by weight. For present purposes the effect 


211 





MAKE POLYACRYLONITRILE CONTINUOUSLY... 


of 5 percent methyl! acrylate is small and can be neg- 
lected. The same apparatus and the same general pro- 
cedures can be used to prepare a wide variety of 
copolymers, but some of these monomers introduce new 
complications requiring individual treatment. 


Catalysts. From the variety of useful catalysts, two 
are discussed They are the persulfate - (meta) 
bisulfite system 


here. 


2S,0,= + S,0,= + 3H,O-— [Catalytic radical 


intermediates | — 6SO,=-+ 6 Ht 


and the chlorate-sulfite system 


ClO.,- + 3 H,SO, — [Catalytic radical 


intermediates ] — Cl- + 3SO,= + 6 H+ 


The chemistry of these systems has been discussed 
elsewhere.* In all cases the molar (formula weight) 
ratios of oxidizing to reducing agents were constant as 
follows: two moles of (NH,).S.Os; to one mole of 
Na.S.O; or one mole of NaClO, to three moles of 
Na,SO;. Acid (usually sulfuric) was added as a sep- 
arate feed in the chlorate system to bring the pH to 
about 2.0-2.2. No acid addition was required with 
persulfate, the pH generally falling in the 2.8-3.0 range. 
These particular ratios are not essential to operation 
of the system and have been varied widely in work not 
discussed here. 

In a typical experiment using the apparatus of 
Figure 1, the reactor was flushed with N, and filled 
with a slurry containing 30% copolymer (prepared in 
previous run and adjusted to pH 2.0). Reactants pre- 
pared as listed below were deaerated with N, and fed 
to the reactor at the rates indicated. 


Feed I 
(1 I/hr) 


18.9 g. NaClO, 
66.9 g. Na,SO, 
Water to 4 liters 


Feed II 
(1.2 I/hr) 


Feed III 
(1 I/hr) 


2940 g. Acrylonitrile (3% H,O) 
150 g. Methyl acrylate (2.5% H,O) 


16.24 ml. conc. H,SO, 
0.19 g. FeSO,*7H,O 
Water to 4 liters 


FIGURE 2—Photomicrographs show extremes in batch vs. 
continuous polymer. 2A, batch polymer contains loose aggre- 
gates covering broad size distribution. 2B, continuous poly- 
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These conditions produce 32 percent monomer in the 
feed, a residence time of 2 hours, a sulfite/chlorate 
ratio of 3/1 and the following amounts based on com- 
bined monomers: 0.50 percent NaClO;, 1.77 percent 
Na,SO;, 0.77 percent H.SO, and 10 ppm Fe (II). 


RESULTS 


The expected improvement was achieved in control 
of molecular weight dilute solution viscosity in 
aqueous NaSCN). Table 1 gives some results that are 
considerably more uniform than our previous experi- 
ments with batch systems. Minor adjustments in catalyst 
were made as shown to avoid drifts in molecular weight. 
It soon became apparent, however, that important 
qualitative differences exist between batch and con- 
tinuous polymerization. These differences are most ap- 
parent in respect to slurry fluidity, water retention, 
particle size and conversion rate. Each of these is 
considered briefly. 


(i.e., 


TABLE 1—Product Uniformity in Two Runs 
Chlorate-Sulfite Catalyst with 5% Methyl Acrylate Copolymer 
Catalyst adjusted as shown 
10 p.p.m. Fe(il 
Temperature 41° C. 

2.1 hour residence time 
20-galion reactor 





NaCiOs3 


Elapsed "| 
(Percent on Monomers) 


Time (Hours) 


t 





Run ! 





0.401 
0.401 
0.401 
0.408 
0.408 





Run 2 





0.413 
0.413 
0.413 
0.413 
0.405 
0.405 
0.403 
0.403 
0.417 

















Slurry Fluidity. Depending on experimental conditions 
the reaction mixture in batch polymerization may be 
quite thick at 5 to 10 percent polymer solids and too 
stiff to handle at 15 percent. Consequently it was 


on Asi 
aH oi hens 


mer consists of dense beads within relatively narrow size 
distribution. 
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surprising to find that the continuous reactor could 
be operated at 35 percent monomer in the feed (32 
percent polymer solids) without difficulty, and in later 
experiments this level was raised to nearly 50 percent. 
The continuous slurry was not noticeably viscous so 
long as normal operating conditions prevailed. How- 
ever, thick slurries or even solid masses were produced 
if the temperature rose, if the monomer concentration 
became too high or if agitation was insufficient. In 
special circumstances slurries have been prepared that 
gel when undisturbed and then become fluid again 
when pressed with a spatula. Generally the reactor con- 
tents thickened somewhat after a few hours running 
time then became more fluid and remained so for the 
rest of the run. 


Water Retention. As ordinarily prepared, polyacryloni- 
trile retains large amounts of water in the filter cake. 
Typically this is in the range of 80 percent water to 
20 percent polymer. On the other hand the continuous 
polymer could be centrifuged down to 25 percent water 
content or even less. This low water content has obvious 
advantages from the viewpoint of drying and storage. 
It permits also the direct solution of wet polymer in 
aqueous salt solutions to give spinning dopes that are 
not too dilute. 


Particle Size and Aggregation. Closely related to 
fluidity and water retention phenomena is the physical 
nature of the polymer particle. The comparatively 
dense, rounded nature of continuous polymer is made 
apparent simply by rubbing some slurry under the 
cover glass on a microscope slide. Microscopical exami- 
nation reveals that the continuous polymer consists of 
dense beads within a relatively narrow size distribu- 
tion. Figure 2 provides a comparison. It is seen that 
the batch polymer contains loose aggregates covering 
a broad size distribution. Electron micrographs show 
that the working particles comprise smaller particles 
in the 500 to 2,000A range. Each of these smaller units 
consists in turn of many macromolecules. Choice of 
catalyst has some influence on particle appearance, 
that made with chlorate-sulfite being rougher and less 
uniform. 

Growth of the continuous particles can be followed 
miscroscopically, starting with tiny nuclei. Occasionally 
particles fuse, take the shape of dumbbells and finally 
become more rounded. Fluidity of the slurry is related 
to particle size distribution. Quantitative data are lack- 
ing but it appears that thick slurries are associated with 
a high proportion of fine particles. 

Polymer made by the batch and the continuous 
processes differs in other ways. The batch polymer has 
a greater surface available to nitrogen adsorption. 
Batch polymer also hydrolyzes more rapidly in hot, 
concentrated NaOH solutions than does continuous 
polymer. 


Conversion Rate. There seemed to be little question 
that polymerization was more rapid in the continuous 
system in terms of yield per hour for a given reactor 
volume. Furthermore, the polymerization rate appeared 
superficially at least to be much less dependent on 
catalyst and temperature than it is in batch polymeri- 
zation. 
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Plating. A troublesome feature of these continuous 
systems was the slow formation of a hard, adherent 
coating of polymer on all surfaces exposed to slurry. 
This coating interfered with cooling in the heat ex- 
changer and eventually required shut-downs. Under 
favorable conditions, however, runs of at least 250 
hours duration were possible. Plating was minimized 
in areas where agitation was most intense (possible 
scouring action) and on surfaces that were kept very 
cold. Most additives or materials of construction had 
little effect but both teflon resin and 
aluminum resisted plating. 


fluorocarbon 


OPERATING VARIABLES 

At residence times less than one-half hour the heat 
of reaction (approximately 17 kcal. per mole) could 
not be dissipated. On the other hand residence times 
greater than 4 hours were impractically long. Within 
that range the results were as shown in Tables 2 and 3. 
The principal effects are a tendency for yields to be 
low at the shortest times and for molecular weight to 
drop with increasing residence time. The effect on 
molecular weight was evident only with persulfate- 
bisulfite catalyst; with chlorate-sulfite residence time 
had little effect. 


TABLE 2—Effect of Residence Time on Yield and Molecular 
Weight Homopolymer with Persulfate Catalyst 


1.5 1. glass unit at 35° C. and 28 percent monomer in the feed 


Na2S20s_ | 
(Percent on | Residence 


Molecular 
Monomer) | Time (hrs. 


Weight 


Percent 
Yield 


Catalyst 
(NH4)2S208 





90 | 122,000 
92 | 122,000 
92,700 


0.84.. 0.35 
0.84 0.35 
0.84 0.35 
.26 0.52 
.26 0.52 
26 0.52 
.26 0.52 
26 0.52 
68 0.69 
68 | 0.69 
.68 0.69 
68 0.69 
1.03 


95,200 
99,000 
82,900 
62,300 
102,600 
71,400 
71,200 
49,400 
66,600 
48,300 


PONS 


bom 
Dat ht ip 


wo 


H] 
} 


TABLE 3—Effect of Residence Time on Yield and Molecular 
Weight Copolymer Containing 5 Percent Methyl Acrylate 


(20-gal. unit at 35°-36° C.) 


Molecular 
Weight 


Percent 


Residence Time, Hours Yield | 





Persulfate-Bisulfite Catalyst. 
| 








93 
91 





Chlorate-Sulfite Catalyst» 





86 
86 
91 
90 


a 0.71 percent (NH4)2S20s; 0.29 percent Na2S2O0s; 38 percent monomer 
in feed. 

b 0.38 percent NaC10s 
feed. 


1.35 percent Na2SO3; 36 percent monomer in 


Catalyst-to-Monomer Ratio. When operating con- 
ditions are otherwise fixed an increase in: catalyst to 
monomer ratio decreases molecular weight. This is 
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because the greater radical concentration starts and 
stops more (shorter) chains and also because one or 
more of the catalyst derivatives acts as a chain transfer 
agent. Within very broad limits, the yield of polymer 
is not much influenced by catalyst level. Figures 3 and 
4 show some typical data. Figure 4 demonstrates also 
that results obtained from small-scale operation show 
the general trends to be expected in larger-scale work 
but that the data do not coincide exactly. This situa- 
tion is not particularly serious, because once the major 
variables have been clarified it is not difficult to make 
minor adjustments in the early stages of a run and 
from then on to keep within specifications. 


Monomer-to-Water Ratio. By suitable catalyst adjust- 
ment it was possible to operate these units without 
difficulty in the range of 15 to 40 percent monomer in 
the feeds. Usually the narrower range of 28 to 35 per- 
cent was chosen for convenience. Table 4 shows that 
the higher monomer feeds give higher conversion and 
somewhat lower molecular weight. The homopolymer 
and 5 percent methyl acrylate systems are not nearly 
sO sensitive to certain 
other copolymers. In the latter cases this ratio some- 
times provides a convenient tool for control of molecu- 
lar weight. 


monomer / water ratio as are 


TABLE 4—Effect of Monomer to Water Ratio Homopolymer* 


seo oe a — - a 
Molecular 


Percent 
Weight 


Percent Monomer in Feed Yield 





18.6 ; 67 
27.9 . ae : 92 


32.7. . 92 





* Catalyst 1.68 percent (NH4)2S2Os; 0.69 percent Na2S2Os on monomer, 
1.5 1. glass unit at 1.7 hour residence time and 35° C. 


a- Molecular Weight 


, Conversion 
* 


MOLECULAR WEIGHT 





Yo (NH4),S208 (based on monomer ) 


FIGURE 3—Notice how an increase in catalyst to monomer ratio 
decreases molecular weight of polymer for the persulfate-bisulfite 


catalyst. 
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Temperature. A convenient operating range proved to 
be 35° to 50° C. At 25° the reaction was slow enough 
(with either chlorate or persulfate catalysts) to allow 
build-up of high monomer concentrations. This pro- 
duced thick slurries and the experiments could not be 
continued. Polymer was made successfully at 60° C, but 
it was thought that polymer color might suffer and this 
range was not studied in detail. Data for several tem- 
peratures are given in Table 5, from which it is seen 
that molecular weight is lower at the higher tempera- 
ture. The slightly lower yield may be due in part to 
increased volatility of monomer. Volatility was a greater 
problem in the glass apparatus than in the steel units. 

Studies with more active catalyst systems, not re- 
ported here, show that the steel units operate effec- 
tively at temperatures at least as low as 10° C. 


TABLE 5—Temperature Effect Homopolymer* 








° l 
| Percent Molecular 
| 


Reaction Temp. (°C.) Yield Weight 





| 
88 
85 
84 | 


71,400 
56,700 
47,200 








* Catalyst 1.68 percent (NH4)2S2O0s; 0.69 percent Na2S20s on monomer 
1. glass unit at 1.4 hour residence time. 


Acid. The primary function of acid is to activate the 
catalyst system. Chlorate-sulfite mixtures are quite 
stable under alkaline conditions and do not initiate 
polymerization until sufficient acid has been added to 
bring the pH below about 4. Apparently H.SO, is the 
active sulfoxy species. A second function of acid is to 
influence molecular weight. This effect arises not only 
because the rate of formation of radicals depends on 
pH but also because one of these species, probably 
HSO,,, is a chain transfer agent. Within limits, molec- 
ular weight can be controlled through pH adjustment. 
The response of molecular weight to pH change depends 


85000 


Vo 20 gal Unit 


MOLECULAR WEIGHT 


2.75 titer Unit —* 


% CONVERSION 





i 1 
0.40 0.45 0.50 
% NaClO, (based on monomer) 





FIGURE 4—Lower molecular weight polymer with 
increasing catalyst to monomer ratio for chlorate-sulfite 
catalyst. With slight effect of reactor size. 
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both in direction and magnitude on the particular cat- 
alyst system and also on the choice of monomers. 

Secondary influences of acid are less clear-cut. Sul- 
furic acid was used in most of this work. Nitric acid 
is equally effective and may produce higher yields with 
some comonomers.? When phosphoric acid is used trou- 
ble is encountered with thick slurries. Hydrochloric 
acid was avoided in view of corrosion dangers. 


Additives. Of the extraneous substances that might be 
found in these reaction mixtures, oxygen and iron have 
the most serious effect. Very small amounts of oxygen 
are sufficient to inhibit acrylonitrile polymerization.* 
The relatively constant amount dissolved in the feeds 
is not a serious problem, but leakage of air into the 
system can inhibit polymerization entirely. 

When accidental leakage occurred, it could be traced 
generally to air sucked in around the shaft of the 
centrifugal (circulatory) pump. Such leakage was most 
difficult to stop with small pumps used in the 2-liter 
bench-scale unit. Larger pumps in the 6.4-liter and 
20-gallon units could be modified by applying water 
pressure at the lantern ring on the pump shaft. Very 
slight leakage of water in both directions along the 
shaft avoided entry of air and also kept slurry particles 
from getting into the packing and stopping the pump. 

One effect of iron in chlorate-sulfite systems became 
apparent when a reactor made of Type 316 stainless 
steel replaced the Type 304 reactor and a chipped 
enamelled tank was replaced. Very thick slurries were 
produced until this condition was associated with trace 
contamination by iron in the earlier (fluid) runs. 
Various levels of Fe(II) up to 30 ppm based on mon- 
omer were then added with the acid feed. With 10 ppm 
Fe(II) the slurries were generally fluid enough to han- 
dle without difficulty. With 30 ppm slurries were fluid, 
but the level of iron in the polymer was judged to be 
higher than desirable. The relation of iron added to 
that retained after thorough washing is given by Table 
6. Iron appeared not to be needed with persulfate 
catalyst and was not introduced intentionally. 


TABLE 6—Iron Content of Polymers 


(ppm Fe based on monomer in chlorate-sulfite system 


Retained in 
Wakek Sayer 


Added to Slurry 


0 1.6 
10 2.6 
30 6.0 


A second effect of iron in chlorate-sulfite systems is 
to increase molecular weight. Experiments at several 
catalyst and iron levels indicate that in the 70,000 to 
80,000 molecular weight range the addition of 10 ppm 
of iron increases the molecular weight by about 3,000, 
while the addition of a total of 30 ppm raises it by 
about 5,000. The base line in each case is a system 
intended to be iron-free. These experiments point to 
one reason why it is difficult to reproduce results 
exactly between two different reactors. 

A variety of electrolytes, surface active compounds 
and chain transfer agents may be introduced to secure 
specific effects. Generally these are not desirable or 
necessary for homopolymers or for copolymers con- 
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taining minor amounts of comonomers. Mercaptans 
have been used to reduce molecular weight, generally 
a few-tenths percent being adequate. 


Agitation. Vigorous agitation proved to be the key 
to successful operation of these systems, particularly 
those with chlorate catalyst. We have not tried to 
define the degree of agitation in terms more sophisti- 
cated than the rotational speed of the pumps (or stir- 
rers) or the linear velocity of slurry passing through 
the heat exchanger. Table 7 lists information about 
four reactors that performed successfully. In the 20- 
gallon reactor the pump produced the following linear 
velocities in the heat exchanger: 


1,750 rpm 
3,500 rpm 


6.3 ft/second 
11.8 ft/second 


As noted in Figure 1, each steel unit had some form 
of additional agitation within the reactor. In the 20- 
gallon unit this was a paddle-type stirrer operating at 
about 100 rpm. 


TABLE 7—Agitation in Continuous Reactors 


paren eam hoiectinadahuainie 


| Agitator 
| Agitator Speed (rpm) 


Slurry Consistency 
at 35% Solids* 





Propellor, 1400 


| | Thick** 
3-blade 2500 | 
| 
| 


Thick 
Fluid 
Fluid 
Fluid 


| 2 inch diameter 3000 

} 3200 

4400 

Steel, 2.75-liter 


Centrifugal pump 3450 Fluid 


Steel, 6.4-liter | Centrifugal pump 3500 Fluid 


Steel, 20-gal. Centrifugal pump 1750 Slightly thick 


2600 Fluid 
3500 Fluid 


* Based on chlorate-sulfite system without intentionally added iron. 
** Persulfate-catalyzed slurry was fluid with this degree of mixing. 


DISCUSSION 


From the results that have just been presented it is 
clear that continuous polymerization is an attractive 
method for preparing polyacrylonitrile. Furthermore, 
the special features of this process are worth considera- 
tion from a fundamental point of view. 

One of the few publications in this field is the paper 
of Mintzer and Coman.* These authors reviewed the 
prior literature and presented data on a laboratory 
method using each of several redox catalysts at low 
monomer/water ratios and with moderate agitation. 
Yields and molecular weights were measured in re- 
sponse to changes in catalyst level, temperature, resi- 
dence time and reactor geometry. In the case of 
persulfate-bisulfite catalyst they found that molecular 
weight dropped with increasing catalyst and tempera- 
ture and that conversions increased with residence time 
up to limiting values. 

The patent literature includes a description of the 
present process® as well as several patents®**° on vari- 
ous phases of the subject. Two patents, for example, 
describe methods for control of molecular weight in 
persulfate-bisulfite systems at low-to-moderate mon- 
omer/water ratios. Scheiderbauer and Pitts* showed 
that in the range pH 2.5 to 3.5 a mathematical 
relationship exists between percent catalyst, percent 
monomer in the feed and molecular weight. Molecular 
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weight is reduced as catalyst increases and as percent 
monomer in the feed increases. This is in accord with 
our results, at least qualitatively. Richards’ controlled 
molecular weight by pH adjustment and observed a 
minimum in molecular weight around pH 3 to 3.5. It 
has been found in this laboratory that the choice of 
initiator or the presence of a basic comonomer may 
alter these relationships.® 

Using persulfate alone as catalyst Patterson’? noted 
a molecular weight relationship similar to that of Rich- 
ards, but the minimum was at pH 5-6. 

The mechanism of acrylonitrile polymerization in 
aqueous systems has been studied in considerable de- 
tail'’"** but it may be hazardous to extrapolate from 
batch systems to this high-solids continuous process. 
Miscroscopical studies over periods of many hours often 
show fairly uniform growth of particles with relatively 
few new ones in evidence. Swarms of new nuclei may 
appear suddenly and grow in turn. On other occasions 
this cyclic process is less evident but the impression is 
strong that a large part of the polymer forms on the 
particles rather than in the aqueous phase. 

Polymerization rates must be faster in this continuous 

high-solids) system than in the analogous batch (low- 
solids) process. Consider the example given in the 
experimental section. At a 90 percent conversion rate 
the monomer is being fed at the rate of about 0.29 
moles /min. and must be polymerizing at 0.26 moles/min. 
or (for an aqueous volume of about 4.3 1.) at a rate 
of about 0.06 m.l.-* min.-*. We compare this last figure 
with the expected rate by noting that the chlorate feed 
will have decayed to a level of about 0.00264 m.1. 
under conditions of 2 hour residence time. This assumes 
a rate constant for the [C10,;-] [H.SO,] reaction of 
50 m™ min.* and equal [C10,;-] [H.SO,] concentra- 
tions at pH 2.0. Then the [C10,-] [H.SO,;] product 
is 7 X 10° and the expected rate for an 0.85 molar 
solution (i.e. 90 percent conversion) is read from Fig. 
1 of reference 13 as 0.03 m.l.-* min.. This is one-half 
of the observed rate. 

If this calculation is regarded as tenuous because of 
the approximations and assumptions, we may consider 
other facts that point to basic differences. For one 
thing the rates in the 20-gallon reactor were always 
faster on any basis than corresponding batch runs. Also 
batch reactions with chlorate-sulfite level off at about 
75-80 percent conversion vs. 90-95 percent for con- 
tinuous runs. Finally the conversions in high-solids, 
continuous polymerization are essentially independent 
of catalyst level. This means that one cannot regard 
the continuous process as simply a balance between the 
input rate and the sum of the rates of monomer dis- 


charge plus batch-type polymerization. The most plaus- 


ible conclusion is that polymerization is occurring 
largely on the polymer particles somewhat as in emul- 
sion polymerization. Monomer is known to be adsorbed 
by the particles.’* 

The differences between chlorate and persulfate sys- 
tems can be accepted as reasonable in view of the much 


216 


shorter half-life of the chlorate-sulfite reaction and its 
greater dependence on pH. Further conclusions about 
mechanism must await detailed kinetic and micro- 
scopical studies. 


Originally presented before AIChE, New Orleans, 
Feb. 27, 1961. 
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FIGURE 1—This is the relation between specific speed and efficiency for one single-entry impeller. 


Shortcuts to... 


Centrifugal Pump Selection 


Reinier H. Meijer 


Bataafsche International Petroleum Maatschappiij, 
The Hague, Netherlands 


CENTRIFUGAL PUMP users need not be experts 
on hydraulic design to select a pump. But they may 
find it convenient to have available some simple means 
of determining the possibilities of a specific type of 
centrifugal pump, or conversely, of determining which 
type and size of centrifugal pump will represent the 
most economic solution to a specific pumping problem. 

A simple answer cannot be found in the technical 
literature. Generally some theoretical discussion fol- 
lowed by a summary of various pump designs is offered 
but without any direct indication as to the type of 
pump to be selected for a specific duty. 

With the help of simple graphs it will be shown that 
it is easy when a certain head and capacity are required 
to find the most economic values of the following items: 

@ R.P.M. (n) 

© Number of impellers 

® Double or single suction 

© Efficiency (7) 

©@ Minimum net positive suction head 

®@ Power consumption (N) 
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Head, RPM, Specific Speed, Efficiency. Figure | 
shows the relation between the capacity, head, rpm, 
specific speed and efficiency. It is based on the theory 
of the specific speed for centrifugal pumps described in 
various articles on the subject which has proved to be 
useful in practice. 

A certain value for this specific speed, denoted by ng, 
determines the hydraulic characteristics of a certain 
shape of impeller, irrespective of its size. The value of ng 
is calculated as follows: 


where: 
n = design speed 
Q = design capacity 
H = design head 

For n, Q and H, suitable units should be chosen, as 
illustrated in Figure 1. 

This theory of specific speed applies only to one 
impeller with single suction and so it can be used to 
determine the number of impellers required, as will 
be shown below. 

Figure 1 also gives the measured maximum efficiency 
of a considerable number of existing pumps plotted 
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curves will find the minimum NPSH 


against the specific speed with the capacity as a param- 
eter. This reveals a between these three 
values, 


correlation 


Every pump user having records of pump curves at 
his disposal can plot a similar graph. When making 
separate graphs for various centrifugal pump types or 
for various makes of pumps, the results become ap- 
parent of the difference in hydraulic design or in pro- 
duction method between these groups. By compiling the 
data of all pumps in use in a certain refinery on one 
graph, a fine reference is obtained which simplifies the 
procedure of estimating pump cost and power consump- 
tion when designing an extension or a new refinery. 
This will immediately indicate which pumps, owing to 
a special design or production method, have values 
slightly above or below normal. 


Specific Speed. When the specific speed is low (5 to 
25 M°/Hr) the capacity vs head curve is flat and the 
power curve rises steeply with increasing capacity. This 
is usually the case with process pumps. When the spe- 
cific speed is 40 to 70 M*/Hr, the power curve is flat. 
This is desirable in the case of drainage pumps because 
the installed power will then be used to the fullest extent 
both with low and high-water level. 


Finding the Best Speed and Efficiency. Figure | can 
be used to determine the efficiency which can be ob- 
tained at the desired pump capacity and head, as in the 
example shown by the dotted lines. A speed must be 
chosen in addition to the known capacity and head in 
order to be able to determine graphically the specific 
speed and the relevant efficiency. 

Because high speeds will result in smaller and (within 
certain limits) cheaper pumps than low speeds, it is 
logical, when using 60 cycle, 3-phase current for the 
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S60 1000 5000 _ 20.000 
electric motor, to investigate whether or not an accept- 
able pump can be obtained at 3500 rpm. 

If Figure 1 indicates a low efficiency for a particular 
case, then the use of a two-stage or Z-stage pump 
should be considered. This means that for one impeller 
the total discharge head should be divided by 2 or by Z 


and that the efficiency of a multi-stage pump can then 


be found from Figure 1 with Q and =. A reasonably 
high efficiency can always be obtained in this way, but 
this may introduce certain disadvantages. 


A multi-stage pump will usually be more costly, re- 
quiring more space and heavier foundations and may 
cause higher maintenance. 

The saving in power consumption obtained from high 
efficiency must be balanced carefully against the above- 
mentioned higher costs. To give two extreme cases: 


Case 1. If the pump is to be installed in an industrial 
area where power charges are high but where there is 
no need to keep spare parts in stock, because the sup- 
plier can carry out repairs quickly, on the spot, a pump 
with a high efficiency is needed. It is suggested that in 
such a case, the lowest usable limit for ng be about 15 
to 20 cubic meters per hour. 


Case 2. If, however, the pump is to be installed in a 
remote area where the user can obtain energy cheaply 
by burning waste products, but where he would have to 
keep extensive stocks of spare parts and special tools to 
enable him to carry out possible repairs himself, it will 
be better to be content with low ng values, e.g. 6-10 
cubic meters per hour if necessary and to have simple, 
low-efficiency pumps. 


Speeds higher than the 3500 rpm mentioned can 
also improve the efficiency or, if desired, reduce the 
number of impellers required for a certain duty. In the 
cases where steam or gas turbine drives can be con- 
sidered, a speed of 5,000 to 8,000 rpm provides an at- 
tractive solution. 
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Finding the Minimum NPSH. When some idea has 
been gained of pump speed and number of impellers 
required, Figure 2 should be used to investigate the 
requirements for suction conditions. 

It is a well known fact that a centrifugal pump can 
only pump liquid if this is forced into the impeller. 
This can be accomplished by the pressure of the atmos- 
phere or by a certain static head of liquid. 

Boiling liquids (e.g. butane and propane) can only 
be pumped if the level of the liquid in the vessel from 
which the pump should draw has a certain height above 
the centerline of the pump. 

The absolute pressure of the liquid at the pump suc- 
tion (expressed in meters or ft) minus the vapor pres- 
sure of the liquid (in meters or ft) is the liquid head 
available at the pump suction. This is the net positive 
suction head (NPSH or h,,) available. 

Every pump requires a certain absolute liquid head 
at its suction, which is called the NPSH required. It is 
obvious that the NPSH available should be equal to or 
greater than the NPSH required in order to move the 
liquid into the pump. 

Thoma Factor. Figure 2 gives the relation between 
NPSH required, capacity and pump speed. This graph 
is based on Thoma’s cavitation theory, slightly simpli- 
fied by experimental data. In order to find the NPSH 
required, the Thoma factor o is introduced, so that 
NPSH = oH. Different pump manufacturers give very 
different values for this factor, depending on the type 
of pump and its dimensions, hence it is impossible to 
determine the NPSH required before a pump has been 
selected. However, when for a large number of pumps, 
the o is plotted against the n, the graph shows a fairly 
narrow field, in general following lines with the for- 
mula: 

VQ 
n (h a = C. 


8v 


The constant C has 
10,000 


tion. 


a value between 7,000 and 
in American units) for cavitation-free opera- 


By expressing the formula n = 9,000 graphically 

(Figure 2), it is possible to read off directly, for each 
Q and speed, the minimum NPSH required which a 
good pump manufacturer can produce. 

With the aid of Figure 2 the minimum NPSH re- 
quired for the desired capacity and speed can be de- 
termined. If this NPSH in fact is not available, then 
either a lower speed must be chosen or else the capacity 
must be halved, which involves the selection of a dou- 
ble-suction impeller. If still no correct figure can be 
found, the NPSH available should be increased. 

Lowering the speed of an electric motor-driven pump 
usually means reducing the speed to half the original 
value. By doing so the specific speed will also be halved, 
and the efficiency of the pump will be reduced in ac- 
cordance with Figure 1. 

With the aid of Figure 1 the selection must be 
checked again to determine whether or not a larger 
number of stages is now justified. 

For the choice between single-entry or double-entry 
impellers, constructional details such as one or two stuff- 
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FIGURE 3—Use these correction factors for viscous liquids 
in centrifugal pumps. 


ing boxes, and horizontal or vertical split casing play 
an important part. 

To divide Q by a factor larger than 2 does not give 
a good solution, as this would necessitate the piping 
up of two or more pumps for parallel operation. 

Summarizing the above, it will be clear that when 
the NPSH available is not sufficient for the pump first 
selected a more expensive pump may be a possible solu- 
tion. It must therefore be checked whether a cheaper 
way to provide more NPSH can be found by raising 
the suction vessel or lowering the planned pump foun- 
dation. 


Viscosity Correction: In the preceding parts the 
fluid to be pumped has always been regarded as being 
water, as is customary in almost all standard works on 
centrifugal pumps. In practice, however, other liquids 
are pumped even more frequently than water, so that 
the fundamental differences must be made clear. 


If all pressures are calculated in terms of feet or 
meters of liquid column, as was the case in the preced- 
ing graphs, the specific gravity of the liquid need not 
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FIGURE 4—The power input of the pump can be easily 


found using this chart. 


be considered further. This specific gravity is relevant 
only if the power consumption has to be determined. 
This is not the , as this has 
a great influence on internal friction losses in the pump. 
Compared with water, high-viscosity liquids have the 
following effects on a pump: lower capacity, lower dis- 
charge head and lower efficiency. Over the years many 
investigators have collected data which enables correc- 
tion factors to be established for these variables. 

Figure 3 given here has been published by the Ameri- 
can Hydraulic Institute and in addition to useful fac- 
tors, it also gives a good idea of the relation between 
the various data. 

If, therefore, a type of pump has to be selected by 


case with viscosity, however 
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means of Figure 1 and Figure 2 for a certain given dis- 
charge head and capacity and for a liquid having a 
considerable viscosity, the correction figures should first 
be determined by means of Figure 3. The corrected Q 
and H should then be transferred to Figure 1 and Fig- 
ure 2 and the efficiency thus obtained multiplied by 
the correction factor found in Figure 3. 


Finding H.P. Input. The power input can be de- 
termined accurately by means of the formula: 
QXHX SG. 


Rdichacy XC (S.G. = specific gravity) 


When: N is expressed in hp 
Q is expressed in m*/h1 
and His expressed in meters 
the factor C becomes 270: 
When: N is expressed in hp 
Q is expressed in gpm 
and H is expressed in feet 
the factor C becomes 3960. 


This formula is illustrated in Figure 4. The installed 
power of an electric motor depends on various factors. 
It is beyond the scope of this article to go into this fur- 
ther. In general, however, it can be said that the electric 
motor power should be higher than the power required 
at the duty point of the pump to cope with fluc- 
tuations in operating conditions, and also, in the long 
run, to continue operations despite wear of the pump. 


(U.S.) 
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Try This 

Simplified Method 
for Rating 

Baffled Exchangers 


Tinker’s method of rating baffled flow 
heat exchangers is the most com- 
prehensive. This simplification allows 


you to use that method with ease 


Abe Devore 
Industrial Process Engineers, Newark, N. J. 


Rating baffled flow heat exchangers need not be 
complicated. Equations and nomographs have been 
developed which simplify the calculations. 

The Tinker’? method, considered the most rigorous 
analytical approach to the problem, is the logical base 
for simplification. It then can be used with the same 
ease as several other well-known methods.*:*:° The 
drawback to the use of the latter methods, which are 
based on empirically selected velocities, is the difficulty 


of applying them to wide variations in exchanger sizes 
and designs. 


DEVELOPMENT OF SIMPLIFIED EQUATIONS 
AND NOMOGRAPHS 
Heat Transfer. At first glance, use of the Tinker 
method in design seems to involve a formidable quan- 
tity of computation time when compared with other 
correlations; however, a study of the factors involved 
in determining A, (the effective bundle cross-flow area) 
has a surprising result; for a given basic type of design 
(i.e., shell geometry), it is just as easy to determine the 
actual baffled flow velocity (allowing for leakage) as it 
is to determine the empirical velocities of other methods. 
Consider, first, the definition of A,. From equation 
(13) (see Background Summary of Tinker’s Rating 
Method), this is 
A,= > (26) 


The value of M, for a given value of D,/l;, depends 


BACKGROUND: 
(A Summary of Tinker’s Rating Method) 


Tinker,” * using a semi-theoretical approach, showed 
that heat transfer and pressure drop data for segmen- 
tally-baffled exchangers could be correlated in terms of 
the existing data for normal flow across unbaffled tube 
banks. 

The total mass flow rate past any given cross-section 
of the exchanger consists of the following streams: 
® Cross-flow stream through the tube bundle, B. 
® Orifice flow through the baffle tube-hole clearances, A. 
@ Axial flow in the baffle windows. 
® Combined effect of the above three mechanisms in the 

regions of transition between parallel and cross-flow. 

@ Bypass streams around the tube bundle. This flow oc- 
curs in the clearance between the outer tube limit and 
the shell inside diameter. 

@ Leakage through the clearance between the baffles and 
the shell inside diameter, E. 

For both heat transfer and pressure drop, cross-flow 
fluid travel distance between baffles is considered to be 
from center to center of gravity of adjacent baffle win- 
dows. This is very closely approximated by: 


Cross Flow Travel = D, ( Dedede L) ‘ (1) 
D, 


The portion of the tube bundle which lies between the 
extreme baffles and the tubesheets is referred to as the 
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end zone. In normal practice, this distance is greater 
than the baffle spacing. The baffled flow film coefficient 
is corrected for this effect by assuming 


ae ne 1 
(1) Velocity in a zone a cas al peeen 


(2) Coefficient a V°-6 


Combination of these two assumptions leads to 


and, h, = E, 


The Cross-Flow Stream, B, is made up of a portion 
of fluid passing through the baffle windows, plus por- 
tions of the A streams. Tinker assumes that half the tube 
hole leakage, A, joins the B stream in flow across the 
bundle. He further assumes the E-stream (baffle to shell 
id. clearance) to be a complete bypass. 

The basic procedure for determining the effective tube 
bundle cross-flow area is as follows: 

(1) Using the actual dimensions of the exchanger, the 


Continued on Next Page 
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BACKGROUND— Continued 


flow areas for the A, B, C and E streams are com- 
puted. : 

(2) Pressure differentials are assumed for each stream. 

(3) Flow resistances, in terms of velocity heads, are set 
up for each stream. 

(4) The relative velocities of the streams can be deter- 
mined from the ratio of the terms of (2) and (3) 
above. 

(5) Combination of the terms of steps (4) and (1) re- 
sults in relative fluid quantities of the streams. 

(6) The effective stream quantity will then be 

Qs = Fr Q (4) 
Tinker’s key definition, the effective area, is then set 
up as 

Qs Q, 


A Acre. 


x 


Gore. = 


The fraction of the total fluid flowing through the 
tube bundle cross-flow area, F,, is then determined as a 


function of the Rating number, N,, and the exchanger 
geometry factor, S: 


(6) 


In order to further simplify the rating calculation, 
Tinker suggested a schedule of baffle cuts corresponding 
to a given baffle spacing, i.e., H/D, is considered to be 
a unique function of D,/l,. 

The resulting equations for the Rating numbers, N,, 
are 
-1)3/2 ¥,C, 


¥,(C,,- ae 


C,,'2 T C47 


14 14 


[> Ny, 4 + ¥,0,,C,,'/? 


(7) 


where 


: P/d, = 
Y, = 1.26 | —__—_— 
(P/d,) —1 
0.82C, D, P/d, 
(P/d,)2 1, | (P/d,) —1 


D, ( H P/d, 
¥, = 1.48 - ad | a 
. 1, D,/| (P/d,) —1 


For square pitch and rotated square pitch, the follow- 
ing multipliers are applied to ¥,, ¥, ¥ 


¥, ¥ Ys 


“LL 1.0 0.805 0.930 


0.707 0.687 0.800 
The advantage of adopting Tinker’s suggested sched- 

ule of baffle cuts becomes apparent on inspection of the 

above equations. For a given value of P/d,, ¥,, ¥, will 

depend only on D,/\,. 

The following assumptions made by Tinker concern 
the effect of the flow in the baffle window on the film 
coefficient in the cross-flow section: 

@ The coefficient in the window zones varies with the 
0.6 power of the geometric mean of cross-flow and 
window velocities. 

@ The fluid quantity through the window is equal to the 
cross-flow quantity. 

@ The window flow area is computed as if a full tube 
layout occupied the available space. 

In formulating the first assumption analytically, Tinker 

writes the following equation of definition: 


ae payee if, 


o“(MA,)°* (M,A,>* ' ace (8) 





where 


M = cross-flow area multiplier defined by the above 

equation. 

cross-flow area within the limits of the 

bundle. 

M,, = A, multiplier to obtain the geometric mean of 
A, and A,. 


S,, = fraction of heat transfer surface in the window 


A, = 


x 


tube 


zones. 


The various equations for the calculation of the cross- 
flow area, A, are of the form 
Ay = C,1,D, (9) 
C, [(P/d,) — 1] 


7 P/d, 


where for — |> | 


and > [|] \ 
; ; 1.414 C, [(P/d,) — 1] 
for =o C, _ : P/d, 


with c, assumed = 0.97. 
A factor, M, is defined as 


: . t/2 
M, —mC,, 


Cc. 1/2 
m= 78 — (D,/),) “| 
Cc ; 
a 


M is finally determined as 


where 


I 


wa WF a ee 
1+ ——__ | ___ —] 
(D,/l,) \M,°* 


Where sealing strips are used, either in the split-ring 
or pull-through floating head designs, Tinker suggests 
(on the basis of his own experimental data) that a mod- 
ified value of c,, be calculated as 


M = a1) 


(C,,— 
i +-1.5C,, (12) 
4 
This relation applies where two or more strips on each 
side of the bundle are spaced less than twelve inches 

apart. 
The effective corrected bundle cross-flow mass-velocity 
is then computed as 


+ 


_ .04W 04.W 


MA, Avert. 
.% 


The Reynolds’ Number for heat transfer is then 
given by 


13) 


d,G 
Re, 2S sce 


14) 
7 ( 


Tinker has correlated his results in the usual Nusselt 
form of J-factor: 


JP’¢ : 
I = - 15) 
lob d, ( 


In his treatment of pressure drop, Tinker defines a 
term F,, (cross-flow fraction for pressure drop). This 
term is intended to replace F,, used in the heat transfer 
calculation. Tinker’s equation for F,, involves the follow- 
ing assumptions: 

(1) The “A” stream is supposed non-existent. This is 
equivalent to a complete blockage of the baffle tube- 
hole clearances with dirt deposits. 

(2) 25 percer: aiditional penetration is added for the 


“coer 


Cc” and “E” streams. 
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The resulting equation is 


l 
= (16) 


a 
80+ N,VS 


p 


where N,, is a Rating number employed only for pressure 
drop under the conditions outlined above. 


Equation (1) is utilized to arrive at a Cross-flow 
travel of 


N,=C,S 


H : 
where C, = 1.154 { 1 — — } for |> 


(17) 


D, 


H 
C, = 10( 1. - FY for 


H 
and C, = 1.414 { 1— —— }for> 
D, . 


Tinker used the friction factor employed by Bergelin® 
et al: 
2A4P.g.p¢ 
6 oR ee (18) 
4G Nn,, 
The cross-flow mass velocity is evaluated as 
FLW 
Gc,=—2 


- — Ibs./hr. ft.? 
x A /144 a 


and 
Ny, my N, N, 
Combination of equations (17), (18), and (20) yields 
(with G, now expressed in Ibs./sec. ft.?). 


4.31 X 10-4 f, C, SN, G,? 
pe 





AP, = psi (21) 


In order to analyze the window losses, the following 
assumptions are made: 


@ part of the pressure drop is due to friction rather than 
to irreversible eddying effects. This is reflected in the 
inclusion of “*¢” factor in the equation; 


the friction-factor in the baffle-window zone varies 
with the Reynolds’ number in the window zone to 
the —0.3 power; 


the pressure loss in the window zone over and above 
the cross-flow friction (to the center of gravity of the 
window) varies with the geometric mean of window 
and cross-flow velocities; 


the ratio of the friction factor for the window zone to 
that for cross-flow travel remains constant throughout 
the entire range of Reynolds’ numbers. In the turbu- 
lent region of flow, 


9 
06 \ and C,,/C, = 3.33. 


Two related terms, y and Y are defined as 


4.10 Cal — 
ma 3 C,D,a 


y 
Cc 0.85 


14 


and Y = 


The equation for the combined cross-flow and window 
losses is then written as 
N, f Y 
AP = 4.31 X 10-*C, S —* -—* G2 1-+-—— ) psi (24) 
p ¢ S 


The Reynolds’ number for pressure drop is given by 


dG, 
Re. = — 


= (25) 





only on Mw (see equation 11). Mw, in turn, is defined 
by equation (10) as a product of the terms m and 
C,,)/*. If Tinker’s recommended schedule of baffle cuts, 
H/D,, is used, m is a function of D,/l;, P/d, and the 
tube field geometry. Estimating the possible effect on 
ho» as +4 percent, Tinker selected a single average 
value of m for each value of D,/1; and tube field geom- 
etry. i.e.;—variation of m with changes in P/d. (from 
P/d, = 1.25 to 1.50) can be neglected. The by-pass 
clearance term, C,4, is defined by 


(27) 


Since the ratio (D,—D,;) /Ds is very small, the term 
C,,’”* can be closely approximated (within 2 percent) 
by unity. i.e.; 


C,,1/? = 1.0 (28) 

This results in a simplification of equation (10) to 
Mw —=m 

Equation (11) is then rewritten as 


1 
0.70 — 1 
(D,/I,) ( m?-6 
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For a given tube field geometry, m depends only on 


D,/1;. Thus equation (30) makes it possible to compute 


M-values directly as a function of D,/I;: 


TABLE 1. Values of M 


853 
897 
2.0 922 
3.0 
4.0 
5.0 


.983 .946 
.959 


.975 


.987 
.997 


The term A,, in equation (26), is computed with 
the aid of equation (9). The remaining term of equa- 
tion (26) is more involved than the preceding two 
terms. The problem is best handled by assuming that 
A., the effective area term, is given as a function of 1, 
(for a given type construction, shell size, P/d, ratio, 
etc.) by the empirical formula 


A, = Bi,> (31) 
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FIGURE 1—A, and A,’ versus |, for geometry of Table 2. 


where B and b are constants. This relationship holds 
for every common type of design employed industrially 
(fixed tubesheet, split-ring floating head, U-tube, etc.) 
within 6 percent maximum error. 

As a typical illustration of this, the table of values 
below were computed (using equations 26, 30 and 
Table 1) for a 214%4-inch ID shell, 34-inch OD tubes on 
154 ,-inch—<A pitch, split-ring floating head design. 


TABLE 2. A. versus |, for 21 1/,-inch ID shell 3/, -inch 


OD tubes on 15/ 16-inch- pitch, split-ring float- 
ing head design TEMA clearances throughout. _ 





in. D,/i, A,, in.? 


A,’ (with bypass strips) 
212 128.0 
165.1 
141.0 
113.0 
100.1 


91.0 


These results are plotted in Figure 1. Note that the 
extreme values of A,, corresponding to D,/1; 1.0 and 
9.0, have been joined by a straight line. The maximum 
deviation, corresponding to D,/I;, is < 6 percent, and 
the average deviation is << 6 percent. It is possible, 
of course, to draw a straight line with narrower mar- 
gins of deviation, but this is an unnecessary refinement. 
This type of plot has been obtained for all the indus- 
trially common types of shell and tube exchangers. 
Thus, it is necessary only to compute two values of F,, 

corresponding to D,/l; of 1.0 and 5.0) and use equa- 
tions 26, 30 and Table 1. 


A, = Effective Flow Area, In 2 


1, = Boffle Spacing, In 


TT 


T 


| 
3 


ryt ie) OU 
a ¢ 
§ 2 8 


8 


8 
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t- 1000 
FIGURE 2—Nomograph for determining A, directly from |.,. 





(Effective Flow Area Versus Baffle Spacing For Split-Ring Floating Head Design) 
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As an example of what can be done with the tech- 
nique described above, Figure 2 has been constructed. 
This nomograph can be used for determining A, 
directly from 13. 


Pressure Drop. The assumptions underlying the for- 
mulation of the “fouled” penetration factor, F, are very 
conservative. Recalling that a complete blockage of the 
“A” stream is assumed, let us consider a specific ex- 
ample. TEMA’ lists a value of .001 as a fouling resist- 
ance for lube oil. Referring to Figure T-2.12 of this 
reference, a layer 14-inch thick (typical of radial tube 
hole to tube clearance) would correspond to .0155 foul- 
ing resistance for lube oil. This value is far in excess 
of the design value suggested by TEMA of .001. De- 
pending on what substance is being deposited, varying 
degrees of tube hole blockage will result. In refinery 
and petrochemical plant practice, large fouling resist- 
ance (.005 or more) is normally associated with highly 
viscous fluids. With these fluids, use of the F, factor 
has some justification. 

In the general case, however, in view of the dubious 
nature of the “fouling factors,” it seems more logical 
to compute the pressure drop on a clean basis and then 
make as simple as possible a correction for dirt deposi- 
tion. Table 3 is suggested as a guide. The numerical 
values in this table are based on the following con- 
siderations: 
® For a given value of D,/1;, the ratio of the “fouled” 

effective area (using F,) to the clean effective area 

‘using F;,), is independent of shell size, tube-field 

orientation, etc., and can be assigned a constant value. 

The error involved in this assumption is never more 

than + 10 percent). 
® For any fouling resistance = .005, it is assumed that 

the effective area is computed with the F, factor. 

Since pressure drop in the viscous region is influenced 

linearly by velocity, the numerical values used here 

reflect the ratio of A, computed with F, to A, com- 

puted with F,. 

A simple linear variation with fouling factor is as- 

sumed in the viscous region. 

Since turbulent flow pressure drop is influenced more 

strongly by velocity than viscous flow (varying ap- 

prox. with G**), the values in the viscous region 
have been raised to the 1.8 power. 


TABLE 3—Ratio of Fouled to Clean Pressure Drop: 


Fouling 
Resistance 


| | | 
| Dis = 1.0/1.5 | 20 | 3.0 | 40 





(A) Viscous-flow Region: 


| | 
fe 00 | 
B oli .20 
| 1.25 ‘2 ‘39 
‘59 
79 
‘99 
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Calculation of clean pressure drops can serve a useful 
purpose when an initial test run is performed. There 
is no simple way of interpreting a calculated “fouled” 
pressure drop for clean conditions. The method sug- 
gested here will consume a minimum of calculation 
time because the evaluation of F, factor is bypassed. 
The cross-flow mass velocity is thus evaluated as (see 
equations 13 and 19): 


G, = .04F,,W/A, 
MG 


or G, - 


Substitution of equation (28) into (23) gives 


Y= y (33) 


Combining equations (24), 


1.31 ome ( 
AP 


pe? 


and results in 


Letting 2 CMs ( 1 


note the following points: 
) if D,/l, and P/d, are fixed, then C,, M and y are constant. 
) 2 then becomes linear in S. This means that a plot of & 
versus shell size, D,, will be a straight line with D,/1 
P/d, 


and 
as parameters. 


Figure 3, representing the plate sizes treated in Fig- 
ure 2, is a nomograph of the © factor constructed from 
the above considerations. 

For design work involving gases, ¢ can be taken as 
unity; with liquids, it is somewhat more convenient to 
work with specific gravity, p’. The two alternate design 
equations can now be written as 


ted ap 0692 2 Nyf, (G2/104 
clean ) 
liquid po 


+.31 2 Nz f, (G2/104) 
(clean) 4P_,, : Bix = 37) 
p 


Equation (25) is used to evaluate the Reynolds’ 
number for pressure drop, with G, evaluated from 
equation (32). Thus, we can write 


d, G, Md,G 


M Re, 
Z Z 


(38) 


Heat Transfer and Friction Factor Design Curves. 
It is more convenient in design calculations, to employ 
the dimensional Reynolds’ number (with d, in inches, 
G in lbs./sec. ft.2, and Z in centipoise). Tinker’s J 
factor and f, factor have been redrawn to include the 
dimensional conversion factors in Figures 4, 5, 6 and 7. 

Theory® indicates that extrapolation (to the left) in 
the viscous region (straight lines) is sound for the f, 
factor. In this extreme region of viscous flow, theory 
also indicates that the slope of the J factor should 
asymptotically approach a value of 1/3. The appli- 
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D, = Inside Shell Diameter, Inches 
13 = Baffle Spacing, Inches 


n = C, M?S(I +2 ) = Press. Drop Geometry Factor 





10 





FIGURE 3—Nomograph of factor versus inside shell 


diameter. 


(Pressure Drop Geometry Factor) 


te 
» | Pitch, 
Be 
A | 10.0) 8.0 5.6 7.5| 5. 24.3) 3.5) 28. 2.7} 31.0) 2.1) 31.6 
| 10.5} 6.7] 7. 5.9) 5.7| 22.5} 4.3) 26.0) 3.3] 28.9] 3.1) 29.4 
10.8; 6.4 0 8} 19.5) 5. 24.6) 4.3) 24.3 
9.2} 11.0} 5.9) 21.5) 3.5} 29.3) 2. -0| 37.5) 0.5) 37.9 
= = — 
0.1) 10.0} 8.2) 8. . 20.2} 6.0) 20.6 
0.0; 10.5} 6.0) &. 3 3.9] 7.5) 15.9} 7.1] 15.6 
3.8 8.6 13.2 


cation of the short-cut methods presented above is best 
understood by reference to the illustrative problems 
below. 


ILLUSTRATIVE PROBLEMS 


Problem No. 1. Design an H-C vapor compressor 
aftercooler to handle 26,200 Ibs./hr. vapor (Mol. Wt. = 
19.9) @ 510 psig, cooled from 260° F to 90° F. Avail- 
able for cooling is 482 gpm of brackish water @ 80° F. 
Allowable pressure drops are 1 psi for the gas and 10 
psi for the cooling water. Plant standards call for 1-inch 
OD 14 BWG x 16-ft. long admiralty tubes. A split-ring, 
floating-head design is specified, with the tubes on 114- 
inch square pitch. Fouling resistances are .002 and .003 
for the H-C vapor and cooling water respectively. The 
moisture content of the H-C gas is negligible. 
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Solution. Using the Scheibel-Jenny® Charts, the heat 
load is calculated as 
(q = (26,200) (277 — 185) = 2,410,000 Btu/hr. 
Rise in cooling water temperature is 


At... = 2,410,000/241,000 = 10.0° F 


The corrected’ log mean temperature difference cal- 
culation for a 1, 2 exchanger follows: 


175 t, = 85 
260 t, = 90 
90 t, = 80 


AT = 170 


At= 10 


Atm; >= F, , At, = .847 X 56.5= 47.9 


A 4-tube pass, 29-inch ID shell with 322 tubes*® is 
selected for a 1,; trial. 


The Cooling Water Film Coefficient: 


482 X 4 


Se un <a 
322 X 1.704 


= 3.52 fps 


From Figure 23 of Reference 10, 
h,, = 850 X .941 X .834/1.00 = 667 


The Shell-Side Gas Film Coefficient: 

Selecting a 14%-inch baffle spacing (D,/1l; = 2.0), 
the effective area is obtained from Figure 2 as A, = 
160 in.? (with bypass strips). 

The mass velocity is now computed as 


G = .04 X 26,200/160 = 6.55 lbs./sec. ft.? 


Using Gambill’s* Chart for H-C gas viscosity, the 
Reynolds’ number is 


Re, = d,G/Z = (1.00) (6.55) /.012 = 545 


From Figure 4, the J-factor is determined from curve 
T-2 as 4200 @ Re, = 545. 


The modified Prandtl number, P’ is now computed. 
c= Ai/AT = 92/170 = .541 Btu/Ib. °F 
Gambill’s Chart?? gives k = .022 Btu/hr. ft. OF. 
P’ =k (c,Z/k) 1/3 = .022 (.541 X 0.12/.022)1/3 = .01468 
The viscosity ratio function, ¢ can be taken as unity 
for gas design work. 


The coefficient, h,, is now computed as 
h,, = JP/d, = (4200) (.0168) (1.0) /1.00 = 61.6 


The end zone correction, E, can be taken as unity 
for long tube bundles with wide baffle spacings, so that 
h, — hop = 61.6. 


Neglecting the negligible tube wall resistance, the 
Clean Over-all Heat Transfer Coefficient is calculated: 
h,,h 


U - io“o =. = 
. h,, +h, 


(667) (61.6) 


—___—_—___—_—_= 56.5 
667 + 61.6 


io 
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Re, (Turbulent Flow) 


FIGURE 4—Tinker? 
J-factors for seg- 
mentally baffled flow 
versus dimensional 
Reynolds’ number. 
Based on following 
variation of baffle cut 
with baffle spacing: 


D,/\, H/D, 
1.0 46 
1.5 — 
2.0 25 
3.0 .20 
4.0 16 
5.0 16 


J ( Turbulent Flow) 


(m0j4 SNOISIA Puy jOU0!ISUDJ)) f 


10 
Rep, (Transitional And Viscous Flow) 


Transitional and Viscous Flow 
Turbulent Flow Range 


V-1: Triangular and rotated square pitch with P/d, 1.25 


T-1: Triangular and rotated square pitch. V-2: Triangular and rotated square pitch with P/d, 1.50 
T-2: Square pitch. V-3: Square pitch with P/d, 1.25 


V-4: Square pitch with P/d, 1.50 


R€p= MRp( Transitional And Turbulent Flow) 
LO- 


-_ 
P/do =1.25 
hs | 


fy (Viscous Flow) 
ro) 
S 
(moj4 juajnquny puy jouoijisuos) )*; 


O10 100 100 
Rep = MReh (Viscous Flow) 
FIGURE 5—Tinker? friction factor for triangular pitch versus dimensional Reynolds’ number. 
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Rep = MReh (Transitional And Turbulent Flow) 
10 


Pid! 25+ 


fx (Viscous Flow) 
(MOj4 puajnqun, puly jouolyisuosl ) *; 


1.00 
RE p= MRep (Viscous Flow) 


FIGURE 6—Tinker? friction factor for square pitch versus dimensional Reynolds’ number. 


Rep= MRep( Transitional And Turbulent Flow) 
10.0 


P/d 9 =125 
13 
14 
15 


f, (Viscous Flow) 


(MOj4 yuajnqun| pu jOuo!4Isuds) ) *y 


010  _— 100 
Rep (Viscous Flow) 


FIGURE 7—Tinker’ friction factor for rotated square pitch versus dimensional Reynolds’ number. 
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FIGURE 8—Split-ring floating head design. Dimensions shown are for Problem 2. 


The Over-all Fouled Coefficient is: 
1/U,, = 1/56.5 = .01770 
Fouling Resist. = .00500 
02270; Uy: 


The required surface is: 
q 2,410,000 
UyAtm,. 44.0 47.9 


1146 ft.2 


The actual effective surface in a 16-foot long bundle 

allowing for 334-inch thick tubesheets for a 550 psig 
design pressure) is 
184% 


—— XK .2618 X 322 
12 


1293 ft.2 


The safety factor margin is 1293-1146/1146, or ap- 
proximately 11 percent. The unit is adequate from a 
thermal standpoint but must be checked for pressure 
drop. 

For D,/1 2.0,Q is determined from Figure 3 as 
20.0. Employing 3-inch tk. baffles, the number of 
baffles required is 11 and Ng 11+ 1= 12. From 
Table 1, M .972 for D,/1 2.0 and square pitch. 


Using equation (38), 
Re, = M Re, = (.972) (545) = 530 
From Figure 6, the friction factor f, is .098 @ Re, 
530. The gas density is computed (using the perfect 
gas law) as 
19.9 * 525 


: wcnanines = 1 S30 Ibs. fit: 
10.73 & 635 


(37) is now used; 


(4.31) (20.0) (12) (.098) (6.55)? 
se (531) (109) SS 


Equation 


(clean) AP 
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Using Table 3; 


(fouled) 4... = (1.58) (.284 449 psi 

With gases, some allowance must be made for nozzle 
losses. Using Mueller’s?® recommendation of 11% veloc- 
ity heads @ the inlet and 2 velocity head @ the out- 
let nozzle and figuring on 6-inch nozzles, the following 


calculation is performed: 
1.352 Ibs./ft.3 


1.770 lbs./ft. 


) = 
Pexit 


The transverse flow area of 6-inch XH Pipe Nozzle 
is 26.07 in.? 
10.2 lbs. sec. ft.2 


Giozzie = -04 X 26,200/26.07 


1.5 G2/(9260 1.5) (40.2)2 


- - 194 psi 
p 1.352) (9260 


40.2)2 
(9260). 


9260 0.5) 


1.770 


0.5 G? 
.0493 psi 


The total gas pressure drop .499 + .194 + .049 = 


.602 psi. 
This is satisfactory with ample margin of safety. 


Allowing 2! velocity heads for the equivalent losses 
through the channel and channel-nozzles, the pressure 
drop through the tubeside is computed by standard" 


methods as approximately 3 psi. 


Problem 2: 200,000 Ibs./hr. of methanol condensate 
from a condenser operating @ 41.1 psia (200° F satura- 
tion temperature) are to be subcooled to 100° F with 
salt water in @ 80° F and out @ 100° F. Allowable 
pressure drops are 5 psi for the methanol and 10 psi 
for the salt water. Fouling resistances are .001 for the 
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methanol and .001 for the salt water. Plant standards 
call for 34-inch OD 16 BWG x 16-foot long 90-10 
cupro-nickel tubes. A split-ring, floating-head design is 
specified with the tubes on 15/16-inch A pitch, as the 
service is relatively clean. 


Solution: With the exception of thermal conductivity 
values, which were obtained from Reference 16, all 
physical properties of the methanol were taken from 
Reference 15. 


The Heat Load is 


q = 200,000  .680 100 13,600,000 Btu/hr. 


The quantity of cooling water required is 
w = 13,600,000/20 = 680,000 Ibs./hr. = 1360 gpm 
The corrected LMTD is found in the same mannet 
as for Problem 1 as 41.8° F. 
A 2-tube pass, 31-inch ID shell with 822 tubes’? is 
selected for a Ist trial. 
The Cooling Water Film Coefficient: 


1360 X 2 


v= é — = 3.50 fps 
822 X .9425 
.620 
~ 750 — 


711 


From Figure 23 of Reference 10, h,, 860 


The Shell Side Film Coefficient. Selecting a 6%4- 
D,/Is - 
with bypass strips, is obtained from Figure 2 as A, 
176 in.” 


The mass velocity is 


inch baffle spacing 5.0), the effective area, 


200,000 


G= .04 X = 
176 


$5.5 Ibs. sec. ft.2 


The Reynolds’ number is 


Re, = d,G/Z (.750) (45.5) /.34 = 100 


From Figure 4, the J-factor (see curve T-1) is 1710 


@ Re, = 100. 
The modified Prandtl number is 
P’ = .1099(.680 X .34/.1099)1 1402 
The term h,,/¢ can now be evaluated as 
h,,/¢ = JP’/d, = 1710 X .1402/.750 


Assume A Tyetnanvi-ti11m = 40 
= 110° F and Z, 44 cp. 


; then Ty, 


Gas (Zz Zy 14 = (.34/44)-14 


Thus h,, = 320 < .965 = 309. 


The end zone correction should be investigated be- 
cause the baffle spacing is relatively small. For the split- 
ring, floating-head design, the term (1, —J1,) can be 
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closely approximated by multiplying the nozzle flange 
outside diameter by three. Selecting an 8-inch nozzle 
for the methanol, a 150 lb. ASA flange has a 13¥2-inch 
OD. Multiplying this by 3, we obtain (1,—1.) = 3 

13% = 40¥2 inch. Figure 8 shows the significance of 
the terms used in equation (2). Allowing for 2-inch 
thick tubesheets, 1, = 192 — 4% = 187.75 inches. Sub- 
stitution into equation (2) yields: 


892 


147% + (40%) (2 X 6%4/40%2) 9-6 
“e775 = 2¢~—~C* 


Using equation (3), 
h, = E,h,, = .892 XK 309 = 276 
The equivalent tube wall coefficient is given by 


2 + en 


“d,In (d,/d,) 


(24) (30) es 
= == S50 


b= z = — 
; 750 In (.750/.620) 


tw 


Summing up the resistances: 


= 00141 
= .00020 
= .00362 


.00523; U 
.00200 


191.2 


clean clean ~ 


Fouling Resistance = 


1/U,4 = .00723; U, = 138.3 


ons ‘ ds ; 13,600,000 
The required surface its cari 
138.3 X 41.8 


The actual surface employed is 


187.75 _ 
xX 1963 K 822 


A=—— 2520 ft.2 


The safety-factor margin is 2520-2350/2350 ~ 7 per- 
cent. Considering the marked influence of the fouling 
factor on the over-all clean coefficient, this is adequate. 

A check on the assumed AT ernanal-tilm 1S NOW made: 


91.2 é 
- X 60 = 41.6° ~ 40° assumed 
76 


AT eth. — (U,/hg) 9, 


The pressure losses are now calculated. For D,/1; 
5.0, Figure 3 gives Q = 34.4. Using 4 inch thick baf- 
fles, 24 baffles are required and Ng = 24 + 1 = 25. 
Table 1, M = .985 
= 5.0). 


From 
E>, /i. 


for triangular pitch and 


Using equation (38), 
Re, = .985 X 100 = 98.5 


From Figure 5, the friction factor, f, is .119 @ 


Re = 98.5. 


Equation (36) becomes (using p’ .730 from Ref- 


erence 15) 


(.0692) (34.4) (25) (.119) (.206) 


(clean) AP - = 2.02 psi 


J 
~ (.750) (.965) _ 


liquid ~ 
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Table 3 is used to give 
(fouled) AP; ;guiq = 1.55 X 2.02 = 3.14 psi 


This is less than the maximum allowable AP of 5 psi. 
The nozzle losses can be neglected here and the unit is 
satisfactory. The pressure drop on the cooling water side 
is calculated in the same fashion as Problem 1 above, and 
is found to be approx. 2 psi, again a satisfactory value. 


Comparison with the Methods of Donohue’ 
and Kern’®:*° 
In order to make a comparison with these two well- 
known methods, the shell-side coefficient of Problem 1 
is evaluated without bypass strips using our modified 
Tinker method: 


With 1, = 


(Figure 2) 


1414 inch, the effective area A, = 


G= .4 X 26,200/212 = 4.94 lbs./sec. ft.? 
Re, = (1.00) (4.94)/.012 = 411 

J = 3520 (Figure 4) 

h, = (3520) (.01468) (1.0) /1.00 = 51.5 
Re, = (.972) (411) = 400 
f. = .106 (Figure 6) 


x 


(4.31) (20.0) (12) (.106) (4.94)? , 
] A pe ON To ei Bah A aca sts A 
(clean) 4P (1.531) 04) 5 psi 


and (fouled) AP,,, = (1.58) (.175) = .276 psi 


Adding the nozzle losses determined above (APno:. = 
.243 psi), the resulting values are 


(clean) AP = .418 psi 
and (fouled) AP = .519 psi 


Donohue’s Method. The cross-flow area is computed as 


D, —¢, 
A, =d,),| D,—(—— +1 


(1.00) (14.5) | 2 


= 101.5 in.? 


The window flow area is 


total number of tubes 


si D 


H 7 . , where N,, equals the 
A,=— = (D,? —N, d,’) 1 


1 


= (.25) (.785) [( 
= 101.8 in.? 
The corresponding mass-velocities are: 
3. = (.04) (26,200) /101.5 = 10.32 Ibs./sec. ft.2 
G,, = (.04) (26,200) /101.8 = 10.30 Ibs./sec. ft.2 
and G, = (G,G,,)!/2 = 10.31 lbs./sec. ft.? 
The dimensionless Reynolds’ number is 


d,G, 


Z 


Re = 124 = (124) (1.00) (10.31) /.012 = 106,800 
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Donohue’s equation is solved for h, as 
k (C, w/k) 1/39 


= (.22) (12) (106,800) °-*(.01468) (2.42)1/3(1.00) /1.00 
= 54.0 


Donohue recommends the Chilton-Genereaux equa- 
tion’? for the crossflow portion of the pressure-drop. 
This equation was developed for normal flow across 
unbaffled tube banks. In a commercial baffled flow ex- 
changer, this would correspond to “full-bundle pene- 
tration,” as Donohue defines the term, i.e., to a fouled 
exchanger. The equation is 


where 


_— 


124 (P —d,) 
Zz 
and N, = total number of constrictions 


f, and N, are evaluated as follows: 


A 


(124) (.250) (10.32) ]°? 
ans te ‘J 
H 
— j aa 
D, 





0975 


The cross-flow pressure drop is 


(4) (.0975) (180) (10.32)? 
(fouled) AP, = $<) <-0219) (780) (DO.3e)" 
(2) (1.531) (32.2) (144) 


= .526 psi 
Donohue recommends a form of the orifice equation 


(with discharge coefficient = 0.7) for the window loss. 
This can be written’® as 


(10.30)? (11) 


~~ (4630) (1.531) 
= .164 psi 
The total (fouled) AP = 526 + .164 = .690 psi. 


It is possible to determine a clean pressure-drop by 
using the “bundle-penetration” factor.'"* The constant 
.22 in the Donohue equation for h, results from (.51)°%* 

] ! 
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(.33) = .22. (The .33 factor appears in the Colburn’? 
equation for flow normal to tube banks). Since mass- 
velocity influences the pressure drop to the 1.8 power 
in the Chilton-Genereaux equation, a clean pressure 
drop is computed as 


(clean) AP, (.51)1-8 AP, (fouled) = (.297) (.526) 


or, (clean) AP, = .157 psi 


Adding the value of AP, 
clean AP - 


.164 psi, the resulting 
= 321 psi 


Kern’s Method. The effective shell-side flow area is 


84.0 in.? 


The mass-velocity is 


G .04) (26,200) /84.0 


12.50 lbs./sec. ft.? 


Kern uses an equivalent diameter of the tube-field 
in the Reynolds’ number. For tubes on 114 
inch, square pitch, d, 0.99 inch (see 
Reference 10 


l-inch 
equiv. diam. 


The dimensionless Reynolds’ number is 


d,G 124) (.99 
Re 124 — 
Z O12 


(12.50) 
128,000 


From Reference 10, jx heat-transfer facto 
The coefficient is 


16.1 ly P’¢ 16.1) (230) (.01468) (1.0) 
= @ 99 ; 


Kern’s pressure drop equation can be written as 


f. (3600 G)? D, N, 


fouled) AP : Si 
2g,pd.¢ P 


From Reference 10, f, .00175 @ Re 


and 


128.000, 


.00175) (3600 & 12.50)2 (29) (12 


fouled) AP ieee ete 
2) (4.18 X 108) (1.531) (.99) (1.0) 
.970 psi 


The above calculations are summarized in the follow- 
ing table: 


AP, psi 


Clean _— Fouled 


Mass-Velocity, 


Method G, lbs./sec. ft.2 sh 


(Modified 
Donohue 


Tinker .. 4.94 .418 


321 


519 
.690 
.970 


wa 
54.0 
54.8 


rhe contrast in reported mass-velocity figures is 
worth noting. 

Tinker’s method gives a close approximation of the 
actual physical velocity, and is consequently lower than 
the values used in the other two methods. The calcu- 


lated values of h, are in close agreement (within 7 per- 
cent). Donohue’s method results in pressure-drops com- 
parable to our calculated values. 

The flexibility of Tinker’s method is immediately evi- 
dent in determining the effect of bypass strips on the 
coefficient. Figure 1 indicates that no simple multiply- 
ing factor could be applied that would be independent 
of baffle-spacing. Mueller’® gives a good discussion of 
this difficulty, which is inherent in any purely empiri- 
cal approach. 


Concluding Remarks. The 0-chart is a perfectly gen- 
eral one; it is independent of the type of heat exchanger 
construction (fixed tubesheet, U-tube, pull-through 
floating head, etc.). This fact follows logically from 
the definition (see equation 35) of Q. The same remarks 
apply to Table 1 (the M-values). The one exception 
to the generality of the M-value table would be the 
pull-through floating head design without bypass strips. 
When bypass strips are used, the M-values can be justi- 
fied for all shell sizes above 10 inches. 

The charts of A. vs. 1; (Figure 2) are applicable to 
the split-ring, floating-head design only. In the case of 
other exchanger types, the suggested correlation 
tion 31) is easily adapted to the numerical calculation 
of the A, values. 


equa- 


NOMENCLATURE 
Surface, ft.? 
Effective tube bundle cross-flow area, in.” 
Window flow in.* 
Actual 


tube bundle limits (outer tube limit), 


area, 


tube bundle cross-flow area within the 

in.” 

Segmental fraction of circle cut from baffle 

Segmental fraction of circle comprising baffle 
l Cy 


Fraction of D. 
mean bundle width between baffle windows 


(outer tube limit) representing 


Number of velocity heads loss across one row 

of tubes 

Number of velocity heads loss through a baffle 

window 

Bypass clearance constant 

= D,/D, 

Bypass clearance constant, modified for bypass 

strips, defined by equation (12) 

Baffle hole clearance 
(d, —d,) /d, 

Baffle edge clearance constant 

= (D, —D.,) /D, 

Mean value of slit width (P —d,) to pitch (P) 

ratio, defined by equations (9) 


constant 


Specific heat at constant pressure, Btu/lb./°F 
Exchanger size ratio multiplier to obtain cross- 
flow travel, defined by equations (17) 

Inside shell diameter, in. 

Baffle diameter, in. 

Outer tube limit, in. 

Baffle hole diameter, in. 

Outside tube diameter, in. 

Inside tube diameter, in. 

Shell side effectiveness 

Log mean temperature difference correction 
factor for a 1, 2—exchanger 
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Fraction of the total fluid flowing through the 
bundle cross-flow area 
Cross-flow fraction of total fluid flow for fouled 
pressure drop 
Friction factor for baffled flow 
Dimensional constant of Newton’s Second Law 
of Motion, 4.18 * 108 lb. Mass ft./lb. Force hr.? 
GorG,,;, Effective cross flow mass velocity, lbs/sec. ft.* 
G, Cross flow mass velocity, lbs. sec. ft.? 
Baffle window height, in. 
Heat transfer coefficient of tube-side fluid, re- 
ferred to tube outside diameter, Btu/hr. ft.2 °F 
Heat transfer coefficient for shell side fluid, 
averaged over the entire tube length, and re- 
ferred to tube outside diameter, Btu/hr. ft.2 °F 
Heat transfer coefficient for shell side fluid for 
tube length bounded by the two extreme baffles 
(baffled tube length) and referred to the tube 
outside diameter, Btu/hr. ft.2 °F 
Enthalpy, Btu/Ib. 
Heat transfer factor, defined by equation (15) 
Thermal conductivity, Btu/hr. ft.2 °F 
Total tube length, in. 
Baffled tube length, in. 
Baffle spacing, in. 
Cross flow area multiplier, defined by equation 
(8) 
Tube geometry function, defined in equation (10) 
A, multiplier to obtain the 
A, and A, 
Number of baffles + 1 


Rating number for heat transfer 


geometric mean of 


Rating number for fouled pressure drop 
Number of tube rows traversed in cross-flow in 
each baffle space 

(total) 
the exchanger 


Rows traversed in cross flow through 
Tube pitch, in. 
A modified dimensional Prandtl number 
= k (c,Z/k) 1/8 
Effective B-stream (cross-flow) quantity, lbs./hr. 
Total fluid quantity, lbs./hr. = W 
Dimensional Reynolds’ number for heat transfer 
in lbs. sec.-? ft.-2 (centipoise)-1 
Dimensional Reynolds’ number for pressure drop, 
determined by equations (25) and (38), 
in Ibs. sec.-! ft.-2 (centipoise )~! 
Exchanger size ratio 
=D,/P 
Inlet cold fluid temperature °F 
Outlet cold fluid temperature, °F 
Average cold fluid temperature, °F 
Inlet hot fluid temperature, °F 
Outlet hot fluid temperature, °F 
Average hot fluid temperature, °F 
Tube wall temperature, °F 
Clean over-all coefficient, Btu/hr. ft.2 °F 
Fouled over-all coefficient, Btu/hr. ft.2 °F 
Velocity, fps. 
W_ Total shell side flow, lbs./hr. 
yand Y Window goemetry functions, defined by equa- 
tions (22) and (23) 
Z Viscosity at average temperature, centipoise 
Z,, Viscosity at wall temperature, centipoise 
a Fraction of the tube field unoccupied by tubes 
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Total shell side pressure drop (excluding nozzle 
losses), psi. 

Cross flow pressure drop, psi. 

Hot fluid temperature range, °F 

Cold fluid temperature range, °F 

Log-mean temperature difference, °F 

Corrected log mean temperature difference for 
a 1, 2 exchange, °F 

two terminal 


Difference between the tempera- 


ture differences, °F 

Arithmetic mean temperature difference, °F 
Cold terminal temperature difference, °F 

Hot temperature difference, °F 

Density, lbs./ft.3 

Specific gravity 

Viscosity ratio function 

= (Z/Z,,)-14 

Pressure drop geometry factor, defined by equa- 
tion (35) 

Exchanger geometry functions, defined by equa- 
tions (7) 
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Thermo Data for Petrochemicals 


Part 29—Isopropanol, Tertiary Butanol, Cyclohexanol and Phenol 


H. A. G. Chermin 
Central Laboratory, Staatsmijnen in 
Limburg Geleen, The Netherlands 


IN A PREVIOUS article’ we presented thermody- 
namic data for gaseous n-alcohols. From these data we 
calculated the contribution of a primary —OH group 
to the free enthalpy of formation (Gibb’s free energy). 
It is known, however, that contribution of an —OH 
group in a secondary or tertiary position and the con- 
tribution of a phenolic —-OH group differ from the 
contribution of a primary —-OH group.’ Hence, it is of 
some importance that thermodynamic data for gaseous 
organic compounds with —OH groups in the above- 
mentioned positions should be known. Unfortunately, 
literature data from which it is possible to calculate 
thermodynamic properties as a function of temperature, 
are available only for the first members of the homolo- 
gous series. However, a fairly good estimate of the con- 
tribution of a secondary and a tertiary —OH group can 
be obtained by the use of these thermodynamic data. 


METHOD OF CALCULATION 


Literature Data. The entropies of liquid isopropanol, 
tertiary butanol, cyclohexanol and crystalline phenol at 
25° C are found to be: 


iso-C,H,OH (1) $98.15 0K — 43.0 + 0.3 cal/mole °K$ 
tert.-C,H,OH (1) S = 45.3 + 2 .cal/mole °K* 
(inaccuracy estimated ) 

cyclo-C,H,,OH (1) So98.15 °K — 47.6 + 0.3 cal/mole °K5 
C,H,OH (c) Soo8.15 eK — 34.1 +2 cal/mole °K¢ 
(inaccuracy estimated) 


298.15 °K 


These data combined with entropies of vaporization 
and entropies of compression calculated from the vapor 





Heats of formation of liquid isopropanol, tertiary 
butanol, cyclohexanol and crystalline phenol at 25° C 
are given in the literature as 


iso-C,H,OH (1) 
tert.-C,H,OH (1) 


AES + 098.15 0K = —76.8 + 0.4 kcal/mole?® 
AH, 098.15 0K — —88.4 +2 kcal/mole 
(inaccuracy estimated ) 

cyclo-C,H,,OH (1) AH, ogg 15 0K = —83.45 + 0.4 kcal/mole? 
C,H;OH (c) AH: oo 15 oK = —39.44 + 0.2 kcal/mole?? 


Using the heat of vaporization of isopropanol given 
by Williamson and Harrison,** the heats of vaporization 
of tertiary butanol and cyclohexanol calculated from 
the vapor pressures, and the heat of sublimation of 
phenol calculated from the vapor pressure, we find for 
the heats of formation of the gaseous compounds: 


iso-C,H,OH (g) 
tert.-C,H,OH (g) 


AH° + 998.15 = —65.13 + 0.5 kcal/mole 
AH°: 098.15 = —?7 7.1 +2 

(inaccuracy estimated) 
AH® > 598.15 —= —68.84 + 0.6 kcal/mole 
AH® + 998.15 — —23.03 + 0.3 kcal/mole 


kcal/mole 


cyclo-C,.H,,OH (g) 
C,H,OH (g) 


For gaseous isopropanol and tertiary butanol some 
heat capacities are given by Sinke and de Vries,"* 
values, after being corrected for non-ideality by means 
of an equation of state given by Kretschmer and 


which 


Wiebe’ for isopropanol and an estimated equation of 
state for tertiary butanol, were found to be 














Temp. °K 38: | 


394 





Isopropanol.... 
Tert.-butanol 


C*, cal/mole °K 
C*, cal/mole °K 








pressures of liquid isopropanol,’ tertiary butanol,’ cyclo- 
hexanol® and crystalline phenol? lead to: 


iso-C,H,OH (g) S° 

tert.-C,H,OH (g) 

cyclo-C,H,,OH (g) 
C,H,OH (g) 


2 
°R. 
a 
°K 


298.15 °K — 74.2 + 0.8 cal/mole 
298.15 °K >= 78.3 + 2.5 cal/mole 
= $2.8 + 0.5 cal/mole 
= 73.8 + 2.5 cal/mole 


s° 

° 
Ss 298.15 °K 
s° 


298.15 °K 


(inaccuracy estimated ) 


26.6 ).2 
34.0 + 0.5 K 


Calculation of Thermodynamic Properties as 
Functions of Temperature 


lsopropanol. For the structure of this compound we 
we assumed™® roc = 1.54 A, ron = 1.09 A, roo = 
1.43 A, ron = 0.96 A, * COH = 105°, other angles 
tetrahedral. From these values we calculated I,I.I, = 
1.644 * 10°** g?cm®, Icug(req) = 5.023 * 10°*° gem? and 
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Tou(reay) = 1.322 gem*. For the barriers restricting inter- 
nal rotation we found Vea; = 3620 cal/mole and 
Vo-1» = 890 cal/mole. Guided by values given for 2 
propane thiol’? and an assignment given by Aston 
e.a.,'* 2 we used as fundamental vibrations: 370, 420, 
815, 875, 950, 1100(4), 1250, 1257, 1340(3), 1450(4), 
2970(7), 3300 cm. The calculated values of the ther- 
modynamic properties are given in Tables 1, 2, 3, 4. If 
the values of the calculated heat capacities are com- 
pared with the measured values given before, a satis- 
factory agreement is found. 


Tertiary Butanol. For the structure of this compound 
we assumed” rpg = 1.54 A, ron = 1.09 A, roo = 
1.43 A, ron = 0.96A, *COH 105°, other angles 
tetrahedral. From these values we calculated I,I.I; = 
5.693 * 10°24 g%cm®, Toms reay = 5.198 * 10-*° gem? and 
Tou(reay = 1.370 + 10-*° gcm?. Owing to the large inaccu- 
racy in the measured entropy it is impossible to calculate 
from this value the barriers restricting internal rotation. 
On the analogy of neopentane,* we assumed Ven; = 
4300 cal/mole for the barrier restricting CH; rotation. 
For the barrier restricting OH rotation we assumed 
Vo-u = 900 cal/mole (approximately the same value 
as in the case of isopropanol). As fundamental vibrations 
we used 374(2), 441, 467(2), 750, 914, 1012(4), 1106, 
1205, 1230(2), 1271, 1370(3), 1447(6), 2950(9) , 3300 
cm-*. These values were chosen on the strength of 
Raman data given in Landolt-Bérnstein”® and infrared 
data given the API catalog,”* with the assignment for 
tertiary butane thiol as a guide. The thermodynamic 
properties calculated in the usual way are given in 
Tables 1, 2, 3, 4. Comparing the calculated values of 
the heat capacity with the measured values given before, 
we find a satisfactory agreement. 


Cyclohexanol. As interatomic distances we assumed’® 
ion = 1.54 A, fou = 1.09 A, T'o-o0 = 1.43 A, ton ‘= 
0.96 A and *COH = 105°; all other angles were 
assumed to be tetrahedral. From these values we calcu- 
late I,I.I; = 3.038 * 10% g*cm®, and Ion rea 

1.376 * 10-*° gcm?. The barrier restricting internal rota- 


TABLE 1—Specific Heats of Gaseous Alcohols 


|298.15| 300 | 400 | soo | 600 | 700 | soo | 900 | 1000 
C°, cal/mole °K 
Iso-propanol 21.64) 26.99} 31.78] 35.82) 39.20 
Tertiary butanol..... 27.24| 34.34) 40.58) 45.90) 50.24 


Cyclohexanol. . .. i 30.6 | 40.9 | 50.4 | 58.3 | 64.9 
Phenol } 3. 27.8 | 31.3 | 37.6 | 42.6 | 46.7 














* The Gennntemie: properties in the following tables are given to one more signifi- 
cant figure than is warranted by the accuracy of the calculations. 


TABLE 2—The Enthalpy Functions of Gaseous Alcohols 





tion was found to be Vox = 1000 cal/mole, which is in 
rather good agreement with the barriers found for the 
n-alcohols, isopropanol and tertiary butanol. Raman 
and infrared data given in the literature are not suf- 
ficiently detailed to permit a justified assignment of 
normal vibrations. We therefore assumed the contribu- 
tion due to vibration to be approximately equal to 


Vibr(C,H,,OH) = Vibr(C,H,,CH,) — 


CH, OH 


| 
Vibr(CH,—CH—CH, ) + Vibr(CH,—CH—CH,) 


The contribution due to the chair-boat equilibrium was 
calculated with an assumed energy difference AEc-, = 
—5.6 kcal/mole (the energy difference between the 
isomers in cyclohexane.”* 

The difference in energy between the polar and the 
equatorial position of the OH group was taken to be 
the same as the analogous difference in methyl cyclo- 
hexane”? (AEp-, = 1.8 kcal/mole). The calculated ther- 
modynamic properties of cyclohexanol are given in 
Tables 1, 2, 3, 4. In justification of the assumptions used 
in calculating the thermodynamic properties of cyclohex- 
anol we may state that these thermodynamic properties, 
together with the thermodynamic properties of cyclohex- 
anone** calculated in an analogous way, enabled us to 
reproduce the measured values of the temperature varia- 
tion of the equilibrium ;** 


C,H,,OH = C,H,,0 + H, 


Phenol. As interatomic distances we 
1.39 A, ron = 1.07 A, roo 
s+CCC = 120°, #COH = 105° and 4+CCH = 
120°. Using these values we calculated I,I.I,; = 
3.074 * 1078 g*cm® and on(reay = 1.369 * 10-*° gem?. 
Owing to the large inaccuracy in the measured 
value of the entropy at 25° C, we could not calcu- 
late a barrier restricting internal rotation with reason- 
able accuracy. However, it has been found that the 
barriers restricting SH rotation in the alkane thiols'”?5»** 
are larger than the analogous barriers in the alcohols;? 
in addition, we know that the SH rotation in benzene 
thiol?’ is free and we therefore assume that the rotation 
of the OH group in phenol is also free. Infrared spectra 


chose’® ro-¢ = 


1.43 A: ror = 0.96 A. 


TABLE 3—the Free scatman Functions of Gaseous Alcohols 





Temp. °K 
300 | 400° | soo | 600 ‘| 700 | 


Compound 298.15] 800 | 900 | 1000 


—G°—H?*,/T cal/mole °K 





| 
Isopropanol......... 60.12] 64.49] 68.55| 72.32| 75.83] 79.14] 82.32] 85.37 
Tertiary butanol. a 63.21) 68.55) 73.41] 78.02] 82.39) 86. 58| 90.59) 94.44 
Cyclohexanol....... 5. 65.5 | 71.1 | 76.6 | 81.8 | 87.0 | 92.0] 96.9 | 101.7 
Phenol. . . . 2. 62.1 | 66.5 70.6 | 74.5 | 78.4 | 82.1] 85.7) 89.1 











TABLE 4—the Entropy of Gaseous Alcohols 





Temp. °K 
se | [so | |e [ |e [i 
H°—H*, 


Compound 
/T cal/mole °K 


Isopropanol..........} 14.14) 14.18] 16.71] 19.27) 21.69 26.07) 27.99) 29.74 
Fee wd butanol.....} 16.58} 16.64) 20.17) 23.65) 26.96 . 32.73] 35.28) 37.57 
— -| 17.2] 17.3] 21.9] 26.6] 31.3 . 39.7 | 43.4 | 46.7 
13.9 | 14.0] 17.4} 208] 24.1 A 29.7 | 32.1] 34.3 
} 





23.96 





Temp. °K 
Compound 298.15| 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 
s cel/mek mole x. 

Isopropanol. . 74.17) 74.30) 81.20] 

Tertiary butanol . 79.68] 79.85] 88.72} 97.06 104.98) 112.36] 119.31] 125.87] 132.01 
Cyclohexanol . 82.6 | 82.8 | 93.0 | 103.2 | 113.) | 122.7 | 131.7 | 140.3 | 148.4 
SUMIIS. <5 s s ose 75.9 | 76.1 | 83.9 | 91.4 | 98.6 | 105.4 | 111.8 | 117-8 | 123.4 


87. 82 94.01 “99.79 79} 105.21 110. 31) 115.11 
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THERMO DATA FOR PETROCHEMICALS 


Compound 


TABLE 5—tThe k Heat of ; Formation of Gasoous Alcohols 








Isopropanol.... 
Tertiary butanol 
Cyclohexanol 
Phenol 


Compound 





Isopropanol... ‘ : | 59.46 
Tertiary butanol. . , 69.9 
Cyclohexanol. ... ‘ , } 59.3 
Phenol 


were given by Davies and Lumley-Jones** and 
API Raman spectra were given by 
rausch.?® Using the assignments for 


1 


catalog.” 
benzene-thiol?* en 


fluoro-benzene*® as a guide, we made the following 


assignment for phenol. 


Wilson 


Wilson 
Number | 


Number 


Wilson 


yem'! yem:! Number | 





1002 | 8b | 1594 16a 
3050 9a | 1166 | 16b | 
1280 9b } 52 17a } 
688 10a 82° | 17b 
990 | 10b 56 18a 
530 l | 18b 
617 1: 19a 
1250 lk | | 19b 
3050 1 | 33% 20a 
1602 } li 20b 


1180 
3300 


From these data we calculated the thermodynamic 
3, 4. Com- 
paring the entropy at 25° C calculated in this way, with 
the measured one, we find that the two 
within experimental inaccuracy. 


properties of gaseous phenol; see Tables 1, 2, : 


values agree 

Combining the thermodynamic data of gaseous iso- 
propanol, tertiary butanol, cyclohexanol and _ phenol 
with the heats of formation at 25° C given before, we 
calculated the heats of formation and the free enthalpies 


as functions of temperature (see Tables 5, 6). From 


the free enthalpies of formation of isopropanol, tertiary 
butanol and phenol, we could make an approximative 
calculation of the contribution of an —OH group. (The 
formulas are given in more significant figures than is 
justified by the accuracy of the calculations. 
done in order to retain consistency 


This is 
with the 
contributions given in a previous paper**) 


group 


Secondary —OH group 
300... 600 °K AG®, 65; 524, 

—44, 538 + 1.187 * 10-2 + T kcal/ mole 

600 ... 1000 °9K AG®, oy 

44,232 + 


(sec.) 


1.136 * 10-2 * T kcal/mole 


Tertiary —OH group 
300... 600 °K AG, on tert.) = 
—49,907 + 1.120 * 10-2 * T kcal/mole 
- 1000 °K AG: on (tert.) = 
49.193 +- 1.001 * 10-2 * T kcal/mole 


Phenolic —OH group 
300... 600 °K AG°, on chen.) = 
—45.644 + 1.533 * 10-2 « T kcal/mole 
600... 1000 °K AG on hen.) = 
—45.506 + 1.510 * 10-2 « T kcal/mole 


LITERATURE 
Perroteum Rerriner, 40, No. 3 March 181 (1961). 
2 Janz, G. J., deseo of omneiasenis properties of organic com- 
pounds. Academic Press, New York, 1958. 
3 Kelley, K. K., Journal Chem. Soc., 51, 1145 (1929). 
* Parks, G. S., Kelley, K. K., and Huffman, H. M., 
Chem, Soc., 51, 1969 ( 1929). 
5 Kelley, - -* p Hmm: American Chem. 
* Parks, G. S., Huffman, H. M., 
Chem. Soc., 55, 2733 (1933). 
? Parks, G. s., and Barton, 
(1928). 


§ Nitta, 
69, 141 (1948 

® Biddiscombe, D. 
(1958). 

” Parks, G. S., Mosley, J. 
Physics, 18, 152 (1950). 

ree, G. S., and Anderson, C. 
48, 1506 (1926). 

2 Cox, J. D., Lecture at the ‘‘Symposium iiber 
Fritzens-Wattens (Austria), August 1959. 

13 Williamson, K. D., and Harrison, R. 
1409 (1957). 

144 Sinke, G., and de Vries Th., Journal American Chem Soc., 75, 1815 
(1953). 

143 Kretschmer, C. 
2579 (1954). 

16 Hougen, O. A., and Watson, K. M., 

Wiley, New York 1943. 

1% McCullough, fo a 
(1954 

18 eS 
(1938). 

1% Aston, J. G., Isserow, S., Sasz, G. J., 
Chem. Phys., 12, 336 (1944). 

2° Landolt-Bérnstein. Molekeln I, Springer Berlin. 

1 API Catalog of Infrared Spectral data, Petroleum 
oratory, Carnegie Institute of Technology (Loose-leaf issue), 

22 Becket, C. W., Pitzer, K. S., and Spitzer, R., 
Chemicai Soc., 69, "2488 (1947). 

2% Chermin, H. A. G., Unpublished calculations. 

24 Cubberley, A. H., and Miiller, M. B., Journal American Chem. Soc., 
69, 1535 (1947). 

23 McCullough, J. P., 


(1957) 
R. E., 


(19585 | 
2 a. D. W., et al., Journal American Chem. Soc., 78, 5457 (1956). 
3 Davies, R., and Lumley-Jones, R., Journal Chemical Soc., 1954, 120. 
2? Kohlrausch, K. W. F., Ramanspektren. Akademische Verlagsgesell- 

schaft, Leipzich 1943. 

*® Scot., D. W., et al., 
*1 Chermin, H. A. G., 


1 Chermin, H. A. 


Journal American 


Soc., 51, 


and Barmore, M 


1400 (1929). 
,» Journal American 


B., Journal 


American Chem. Soc., 50, 24 


S., Journal Chem. Soc., Japan Pure Chem. Sect., 


and Seki, 
P., and Martin, J. F., Faraday Soc., 


ms. Ves 


54, 1316 


Trans. 


R., and Peterson, Journal Chem. 


T., Journal American Chem. Soc., 
Thermodynamik,”’ 


{., Journal Chem. Phys., 26, 


B., and Wiebe, R., Journal American Chem. Soc., 76, 


Chemical Process Principles Vol. 


et al., Journal American Chem, Soc., 


76, 4796 


S. C., and Aston, J. G., Journal Chem. Phys., 6, 485 


and Kennedy, R. M., Journal 


Research Lab- 
Pittsburgh. 
Journal American 


et al., Journal American Chem. Soc., 79, 561 


et al., Journal American Chem. 


Soc., 78, 3266 


Journal American Chem. Soc., 78, 5457 (1956). 
Perroteum Reriner 40, No. 4, April 127 (1961). 


PETROLEUM REFINER—V ol. 40, No. 5 





How Feeds Affect Cat 
Cracker Yields 


Minimize costly pilot plant evaluations with these 
equations. They can be used to predict product quality 
and yield by knowing cat cracker feed properties 


H. E. Reif, R. F. Kress and J. S. Smith 
Sun Oil Company, Marcus Hook, Pa. 


The yield and quality of products from catalytic 
cracking can be related to the physical and chemical 
properties of the feed. These relations are based upon 
pilot plant data obtained from cracking a wide variety 
of charge stocks which included virgin distillates, coker 
gas oils, extracts, and raffinates. 

The properties found to be significant in this investi- 
gation are: Mean average boiling point, carbon type 
distribution, naphtha in the charge, and the concentra- 
tions of total sulfur and basic nitrogen. Not all of these 
properties are necessary for calculating the yield of 
each cracked product. Table 1 lists those properties 
found to be significant in the developed equations. The 
equations then can be used to get a better understand- 
ing of the factors which affect the operation of the 
cracking unit which in turn influences the entire refinery. 


The moving bed catalytic cracking pilot plant 
used here is a completely integrated unit which has 
previously been described by Ledley and Patterson.’ 
Cracking in this unit duplicates commercial moving bed 
operations. The charge stocks used in this investigation 
were obtained from a number of sources and represent 
stocks prepared in commercial and pilot units. Table 2 
lists the properties of seven widely-differing charge 
stocks. 

The cracking catalyst used throughout this investiga- 
tion was a sample of pelleted sulfur-resistant clay which 
was obtained from a commercial Houdriflow unit. The 


TABLE 1—Significant Charge Properties‘ Influencing 


catalyst was representative of the equilibrium material 
in the unit. Four runs, at varying conversion levels, were 
made on each charge stock. Each run was for a dura- 
tion of six hours, commencing after an initial line-out 
period required to establish equilibrium at the predeter- 
mined operating conditions. 

By the use of correlations the results of the four crack- 
ing runs were converted to constant reactor conditions. 
It was in this manner that product distributions for all 
charge stocks were obtained on a once-through basis, 
at constant reactor conditions, for a 900° F cracking 
temperature. The reactor conditions used for the pilot 
plant runs bracketed the conditions chosen for the cor- 
relating work. 


Some of the charge stocks under investigation con- 
tained naphtha. This material, which is refractory to 
cracking, passes through the reactor essentially un- 
changed and appears in the catalytic gasoline product. 
All charge stocks were related to a naphtha-free basis 
by a method developed from pilot plant data. The 
amount of naphtha present in the charge was measured 
using a Hemple distillation (ASTM Method D285- 
54T). The percent distilled off at 440° F is estimated 
to be the naphtha which would be carried over, un- 
cracked, into a catalytic gasoline having a 90 percent 
evaporated point of 385° F. 

The initial choice of properties which would be per- 
tinent was based on previous general experience, litera- 
ture data?:*»+5® and bench-scale investigations. Aver- 
age molecular weight at first seemed to be a necessary 
correlating property; however, it was found that the 


Cracked Product Yield 





| | 

Mean —_—— - 
Average Aromatic Fraction 
Boiling =) 
Point Naphthene | Paraffin 


Cracked Product 


Percent Carbon Atoms in Indicated Structure 


Saturate Fraction Total 
ota 


— Basic 
Paraffin | Sulfur 


Naphthene | Naphtha 





0 rere bo ih xX } xX 
Gasoline... ‘ ‘ 
Octane Number 

F-1 Clear...... 
F-1 + 3cc TEL 

Total Gas ‘ 

Isobutane. . .. 

Butylenes ; 

Normal Butane 

Propylene 

Propane. 

Ethane and Lighter... 





1 Tests are specified in one of the accompanying boxes. 
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HOW FEEDS AFFECT CAT CRACKER YIELDS... 


mean average boiling point’ of the charge stock pro- 
duced a correlation which fit the data more closely. 

For those charge stocks whose boiling ranges are too 
high to be applicable to the above mean average boil- 
ing point determination, a correlation has been devel- 
oped which relates average molecular weight to the 
mean average boiling point. The following equation can 
be used for this transition: 


MABP = 212.5 + 1.496 (Average Molecular Weight) 
The necessary average molecular weight is determined 
by the method of Mills and Hirschler.* The above equa- 
tion is only presented to aid in finding a reasonable 
value of mean average boiling point when ASTM dis- 
tillation data cannot be obtained. 

The charge stock properties finally used to predict 
cracked product distribution, in addition to mean aver- 
age boiling point, are: Carbon type distribution, total 
sulfur and _ basic concentrations. The follow- 
ing analytical data are necessary to define the essential 
charge stock properties. 


nitrogen 


For entire charge stock: 


@ Specific Gravity °API @ 60° F (ASTM Method 
D287-55). 
ASTM Distillation (ASTM Method D1160-56T). 
Refractive Index (ASTM Method D1218-52T). 
Sulfur, Weight % (ASTM Method D1551-58). 
Basic Nitrogen, Weight %.° 
Naphtha to 440° F, Volume % 
D285-54T 

® Kinematic Viscosity @ 
Method D445-53T 


® Separation of saturates by silica gel.?° 


ASTM Method 


100 and 210° F (ASTM 


For saturate fraction of charge stock: 


® Refractive Index. 
® Density (ASTM Method D941-55 
® Kinematic Viscosity @ 100 and 210° F. 


The carbon type distribution is obtained from these data 
by the method outlined in one of the accompanying 
box. 


Charge Sto Stock 
| Lower Gulf Gulf Coast 
Coast Mixed 


Source 


| Virgin Dist. 


Virgin Dist. 


Middle East | __ 
Mixed 


Virgin Dist. | 





Find Carbon Type Distribution This Way .. . 
1. Analysis of the entire charge stock by the n-d-M 
method” gives: 

Cy, the percent of carbon atoms in naphthene rings. 

Cp, the percent of carbon atoms in paraffin chain 

structures, both free and combined. 

Ca, the percent of carbon atoms in aromatic rings. 

2. Separation of saturate fraction from the charge by 
silica gel. 
. Analysis of the 
—— gives: 
, the percent carbon atoms in iso and n-paraffins 
and as paraffin side chains on naphthene rings. 
Cy%, the percent carbon atoms in naphthene rings. 
Both Cp* and Cx*® are converted to the whole oil 
basis. 
. Taking the difference. 

C _ wea Cx® = Fae 

Cp — Cp* = = Cp _ 

Cx“, the percent of carbon atoms in naphthenic rings 

” condensed with aromatic rings. 

Cr“, the percent of carbon atoms in paraffinic chains 
on aromatic rings and the associated aromatic- 
naphthenic structures. 

The superscripts S and A denote association with 
the saturate and aromatic fractions, respectively. 


saturate fraction by the n-d-M 


NOTE: 











The actual correlation of cracked product distribution 
against the charge stock properties was done by the 
method of linear regression analysis. The regression anal- 
ysis program developed by Cates and associates*® for a 
digital computer was used. 


EQUATIONS WERE DERIVED 
The equations for the prediction of cracking yields 
from charge stock characteristics were developed from 
data covering a wide variety of materials. The follow- 
ing section lists these derived equations, the reproduci- 
bility of the experimental determinations of the various 
cracked products measured as the standard deviation og, 
the standard deviation of the experimental data from 
the derived equations o¢, and a comparison of the ex- 
perimental and calculated product yields for the charge 
stocks listed in Table 2. The derived equations contain 
those terms which were found to have the most signifi- 

cance in determining the cracked product. 
Significance of each coefficient was measured by de- 
termining whether its computed Student t value exceed 
the t value at a 5 percent significance level. As analyti- 


TABLE 5 S-—-Seaperies of Represestative Charge Stocks' 


‘ | 
North 
| 


Gulf Coast 


Louisiana California Catalytic Mixed 


Virgin Dist. 
Extract 


} Deasphalted } Cracked 


Rasiduum Coker Dist. Raffinate 





API Gravity @ 60° F 35.5 
Distillation, °F | 
10 Percent... | 511 
50 Percent 534 
90 Percent. 
End Point 
Percent Recovery. 
Naphtha, Volume Percent 
Sulfur, Weight Percent 
Basic Nitrogen, Weight Percent 
Mean Average Boiling Pt., °F 
Carbon Type Distribution 
Percent Cp§ 
Percent Cn§....... 
Percent Ca.... 
Percent Cp4... 
Percent Cp. ....00. 
“*K" Factor (UOP)... 
Boiling Pt. Gravity 
Average Molecular Weight 


| 
| 
| 
| 
| 











21.6 


1030 


Or —todoeto 
SSI 
CONwWe 


gS 


ow 





1 Test methods described in text. 
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cal methods become more exact, or are able to furnish 
more complete data on the molecules in the gas oil 
range, then the derived equations should be re-evaluated 
to further improve their reliability. 

It should be noted that not all of the possible prop- 
erties or combinations of properties were considered. 
The authors duly recognize that other variables or com- 
binations of variables are possible. Time did not per- 
mit all possible terms to be checked. Background infor- 
mation indicated that possibly twenty-five charge prop- 
ties were potentially pertinent, not all of which were 
tested. The derived equations for the major cracked 
products, volume gain and octane numbers follow: 


i 
10-6 


Coke, weight per cent = —0.28 — 2.63 
(MABP) (%Cp*) + 0.21 (%Cp4) + 6.09 
MABP)? 38.93 (%Ng)? + 0.15 (%Sr) 

Og = +0.35 
oo = +0.38 

Gasoline, weight percent 22 
(MABP) (%Cx*) — 0.97 (%Cyx 
(MABP)? + 7.21 xX 10°? (%C;,§) 

= +1.2 


2.03 
S$) 
2 


OE 
Go = +1.9 
Gasoline, volume percent 
(MABP) (%C,§) — 1.40 
MABP)? + 1.02 x 10° 


ee 
ici.s 


+ 24.18 
A C5) 
(%C;§ - 
Or 
G = +2.0 
Octane number, F — 1 unleaded = 
10? (%CpS) + 9.34 * 10? (¢ 
%Cy*) — 0.55 (% Naphtha) 
or = +0.6 
Go = +1.3 
Octane number, F — 1 + 3cc TEL = + 96.91 
10°? (%Cy§) + 4.33 x 107 (%Cy‘) 
Naphtha) — 0.62 (%Sr) 
op = +0.5 
Cc : +0.8 


5.99 x 
-0.21 (% 


Total gas (butanes and lighter), weight percent = 
+12.74 + 446 X 10* (MABP) 413 x 10° 
(MABP) (%Cp*) — 0.18 (%Cp8) — 4.15 & 10° 
(MABP)? — 2.79 x 10° (%Cp*)? — 53.83 (%Nsz)? 

Or, = +1.0 
O = +1.4 

Isobutane, weight percent = +2.13 — 3.45 
(MABP) (%Cp*) + 6.18 K 10* (%Cp*)? 

(% Cp*) —5.14 &K 10°* (%Cp*)? 
CE = +0.3 
Gg = +0.5 

Butylene, weight percent —0.27 + 2.71 
(MABP) + 5.90 X 107 (%Cp*) + 8.83 
%Cp*) —3.44 & 10° (%Cp*)? 

Or = +0.3 
a = +0.4 

Normal butane, weight percent - 

(MABP) 1.27 X 10° 

(%Cp*) + 8.57 & 10° 

(%Cp*)? — 7.58 & 10° | 
oz — Not determined 
o = +0.1 

Propane, weight percent 
(MABP) + 8.30 x 10° 
10°? (%CpS) + 4.64 
10 (%C,*)? 

oy = Not Spent 
% == 

Propylene, weight percent = +9.34 — 1.48 10°? 
(MABP) + 1.83 x 10° (MABP) (%C,*) — 8.96 x 
10°? (%CpS) + 6.71 «10° (MABP)? — 1.04 
10° (%Cp*)? 

Og — +0.3 
Go = +0.5 

Ethane and lighter, weight percent = +0.31 + 3.10 x 
10-¢ (MABP)? + 9.56 10-7 (%Cp*) — 8.84 
10-5 (%Cp*)* — 1.33 10-* (MABP) (%Cp*) 

oy — Not determined 
o> = +0.2 


(MABP)? 
% Cp* = 


+4.79 — 8.48 
(MABP) (%C,%) - 
10° (MABP)? 


10-3 
- 6.84 
2.47 


TABLE 3—Calculated and sate cesinancasenas Product Distributions of Major Products 


A 
Virgin 


Cracked Product Light Dist. 


Cc HARGE STOC K 


'D E | F G 
Deasph. Cracked } Virgin 
Residuum Raffinate | Dist. Extract 


igh Sulfur 
irgin Dist. Coker Dist. 





— Weight Percent: 
Calculated : 

Experimental. saa 

Percent Diff... .... 
Gasoline, Weight Percent: 

Calculated sre 

Experimental... 

Percent Diff. 
Gasoline, Volume Percent: 
Calculated 
Experimental 
Percent Diff. 


F- L “+ Occ TE L, Octane ‘No: 
Calculated ; 
Experimental... 
Difference 


+ 3cc TE L, 
" Cakeal ated 
Experimental. 
Difference 


Oct ine No.: 


Total Gas aS, Ww eight Perce nt: 
Calculated ie 
Experimental... 
Percent Diff... . 
Conversion, Weight Percent (Sum of coke, 
gasoline and total gas): 
Calculated ; 
Experimental. . 
Percent Diff. 





| ia 
| Virgin Dist. |v 


6.5 








May 1961—PeEtTROLEUM REFINER 





HOW FEEDS AFFECT CAT CRACKER YIELDS... 


Gain, volume percent = —14.52 + 2.66 « 10°? (MABP) 
+ 5.67 * 10-* (MABP) (%C,§) — 0.50 (%C;*) 
+747 XX 10°° (%C,§)? — 3.25 10-* (MABP) 
(%Cp*) 0.33 (%CpS) — 91.04 Nz)? 

o, — Not determined 
Go = +0.9 

Recovery, volume percent = 100 + Gain. 

From the foregoing equations it is seen that the mean 
average boiling point of a charge stock, which is closely 
related to its average molecular weight, has a pro- 
nounced effect on all cracked product yields but has no 
effect on gasoline octane number. The carbon type dis- 
tribution, Cp“, Cy“, Cp§ and Cy§ also has an effect on 
each cracked product including gasoline octane num- 
ber. The magnitude of the effect of all properties varies 
with each cracked product and for some products inter- 
action terms of two properties are present. The concen- 
tration of non-hydrocarbons, total sulfur and basic 
nitrogen, is seen to have a direct effect on some prod- 


TABLE 4—Calculated and Experimental 


A B 
Virgin 
Light Dist. 


Gare Component | Virgin Dist. 


Cc 
High Sulfur 
| Virgin Dist. 


ucts. The presence of naphtha introduces a correction 
term for octane number. The other cracked products 
have been precorrected for the presence of naphtha as 
has previously been stated. 


COMPARE EXPERIMENTAL AND CALCULATED 
YIELDS 

A comparison of the experimental and calculated 
cracked product yields for a number of charge stocks 
is presented in Tables 3 and 4. The charge stocks shown 
in this comparison represent only a fraction of those 
which were used in the derivation of the above equa- 
tions but their physical and chemical properties essen- 
tially span the entire range, including the extremes, of 
the properties used in the investigation. The chemical 
and physical properties of these charge stocks are shown 


in Table 2. 


The agreement between experimental and calculated 
coke yields for charge stocks D and E should be noted. 
Both stocks had high Ramsbottom Carbon residues (2.8 


Product Distributions of Gas Components 


CHARGE STOCK 


D | E a Tey 
Deasph. Cracked 
Residuum Raffinate 


Coker Dist. Dist. Extract 





Isobutane, Weight Percent: 
Calculated 
Experimental.. 

Percent Diff. 


Butylenes, Weight Percent: 
Calculated 
Experimental. . 

Percent Diff. 

Normal Butane, Weight Percent: 
Calculated : 
Experimental. 
Percent Diff. 
Calculated ; 
Experimental 
Percent Diff. 

Propylene, Weight Percent: 
Calculated 
Experimental.. 

Percent Diff. 


Ethane and lighter, Weight Percent: 
Calculated ‘ 
Experimental 
Percent Diff. 


Case Base I 


TABLE 5—Effect of Changing Charge Stock Pro 


1.3 
0.7 


3.7 
4.6 
+86 9.6 


. 





Property Values, (only changes 
over Base Case indicated 
MABP 
Percent Cp® 
Percent Cn§ 
Percent Cp4 
Percent CnA 
Sulfur, Weight Percent 
Basic Nitrogen, Weight Percent 
Naphtha, Volume Percent 
Predicted Yields 
Ca2~ lighter, Weight Percent 
C3, Weight Percent 
C3”, Weight Percent 
i-C4a, Weight Percent. 
Ca”, Weight Percent 
n-C4, Weight Percent 
Total Gas, Weight Percent 
Gasoline, Volume Percent 
Gasoline, Weight Percent 
Octane F-1 Unleaded ; 
Octane F-1 + 3cc TEL 
Coke, Weight Percent. 
Conversion, Weight Percent... 
Gasoline/Coke, Wt/Wt........ 
Cracking Efficiency, Wt. Percent 
100 (Gasoline Wt. %)/Conv. Wt. %... 
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and 1.0 respectively) but essentially no asphaltene or 
resin content. They produced the coke yield predicted 
by the equation which does not include a Ramsbottom 
Carbon correction term. The components which nor- 
mally produce Ramsbottom Carbon residue, therefore, 
appear to have been catalytically cracked instead of 
being degraded to coke. 

In general it would be unlikely for the sum of the 
predicted gas components to exactly equal that pre- 
dicted by the total gas equation. In those instances 
where there is any disagreement between the sum of 
the components and the predicted total it would be de- 
sirable to use the value obtained from the total gas 
equation. The yields of individual components should 
then be adjusted, using a proportional correction 
method, such that the sum of the components equals 
the predicted total gas value and the relationship of 
the gas components to each other are preserved. 

For most charge stocks there is reasonable agreement 
between the sum of the individual components and the 
predicted total; however, two charge stocks show poor 
agreement (California coker gas oil, stock E and de- 
asphalted residuum, stock D). The coker gas oil, which 
is high in basic nitrogen, shows poor agreement which 
is probably the result of the lack of a basic nitrogen 
correction term in the equations for each gas compo- 
nent. Basic nitrogen is known to suppress gas formation. 
While it was realized that a nitrogen correction term 
should be included in these equations, it was found that 
the corrections which were applied had little signifi- 
cance with respect to all of the data. Therefore, a nitro- 
gen correction term was not included in the individual 
gas equations. A basic nitrogen correction term was sig- 
nificant in the total gas equation and it is the value of 
gas obtained from that equation which should be used 
to correct the individual components. 

The poor agreement shown by the deasphalted re- 
siduum is probably the result of its estimated high mean 
average boiling point (1280° F). It may be that a dif- 
ferent equation is required to predict the individual gas 
components of stocks having very high mean average 
boiling points. At present there are insufficient data in 
the high range to determine the required expressions. 
From the agreement obtained with the other cracked 
product equations on the deasphalted oil it would ap- 
pear that the derived equations are satisfactory. 


Another way to check the over-all accuracy of the 
correlations is to compare the predicted and experi- 
mental conversion levels. The predicted conversion is 
determined by summing the weight percent coke, gaso- 
line and total gas. In general there is good agreement 
over the range of conversion shown (33 to 72 weight 
percent). The volume percent bottoms after gasoline 
and therefore conversion (100-bottoms, volume percent) 
is obtained by taking the difference between recovery 
(volume percent) and the volume yield of gasoline, bu- 
tanes, propanes and ethane and lighter (FOE). 


HOW FEED PROPERTIES INFLUENCE YIELDS 
It is difficult to determine the change in product 
yields resulting from changes in each individual charge 
property from the results shown in Tables 2, 3 and 4. 
Various cases have been formulated and they are shown 
in Table 5 and Figures 1 through 8, where a change in 
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Conversion, Wt. % 


Gasoline , Vol % 


s 8 


rm 
oO 


Tota! Gas ,Wt % 


Yield, % Charge 


ro) 


Coke ,Wt % 








700 800 
MABP, °F 
FIGURE 1—Increasing the mean average boiling point 
results in an increase in the yield of all major cracked 
products. 
50 Conversion, Wt. % 
40 





Gasoline, Vol. % 





30 


Total Gas, Wt. % 





Yield, % Charge 











i. J 
30 20 Q 0 
% Cy 


FIGURE 2—Increasing paraffin concentration of the aro- 
matic fraction causes an increase in coke production. The 
double base scale shows an increase in paraffin is accom- 
panied by a decrease in naphthene concentration. 





the minimum possible number of properties of charge 


stock was made. Charge stock C (virgin gas oil from 
Middle East crude) is considered the base case. In all 
cases those properties whose changes are not being 
evaluated are kept at the base or actual level encoun- 
tered with that charge stock. It should be realized that, 
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as a result of the interaction and second power terms 
present in some of the equations, a change in the base 
case may result in effects quite different from those 
shown. 


increasing the mean average boiling point of the 
base case (Case I and Figure 1) results in an increase 
in the yield of all major cracked products which is 
shown by the increase in conversion level. The relation 
shows that mean average boiling point does not influ- 
ence gasoline octane number. This result indicates that 
the usual octane number change accompanying an in- 
crease or decrease in charge stock boiling range is the 
result of a change in carbon type distribution that nor- 


mally accompanies a shift in boiling range. 


Altering the naphthene-paraffin distribution of the 
aromatic fraction (Case II and Figure 2) in the direc- 
tion of increasing paraffin carbon content decreases the 
total gas yield and gasoline octane number while in- 
creasing the coke. The gasoline yields remains constant 
but there is a slight decrease in conversion. However, 
a corresponding change in paraffin-naphthene distribu- 
tion of the saturate fraction (Case III and Figure 3 

results in an increase in total gas yield over the base 
case and a decrease in gasoline yield and octane num- 
ber. Coke remains unchanged. These equations show 
the distribution of hydrocarbon types in the saturate 
fraction of the charge have a greater influence on the 


cracking yield than those in the aromatic fraction. 


Conversion,Wt. % 





Gasoline, Vol.% 


Total Gas,Wt % 


Yield, % Charge 


Coke, Wt. % 














" 10 
%C§ 


FIGURE 3—Increasing paraffin concentration of the sat- 
urate fraction causes a decrease in gasoline production. 
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Increasing the percent C,* at the expense of percent 
Cp“ increases the total gas yield while decreasing the 
coke yield (Case IV and Figure 4). Exchanging naph- 
thene carbon atoms between the aromatic and saturate 
fractions has essentially no effect on product distribu- 
tion (Case V and Figure 5). 


Conversion, Wt. % 


—_—_—_—_—__ 
Gasoline, Vol.% 














FIGURE 4—Increasing paraffin concentration of the sat- 
urate fraction at the expense of the paraffin in the aromatic 
fraction gives a decrease in coke production. 
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FIGURE 5—Exchanging naphthene carbon atoms between 
the aromatic and saturate fractions has essentially no 
effect on product distribution. 


Increasing percent C,* while decreasing the percent 
C,* serves to increase total gas but lower gasoline oc- 
tane number. Increasing percent Cy* while decreasing 
percent Cp* also increases the gas yield but increases 
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the gasoline octane number (Cases VI and VII, Figures 
6 and 7 respectively). 


The last three cases presented show the effect of 
changing total sulfur, basic nitrogen and naphtha con- 
tents. Total sulfur (Case VIII) lowers the lead suscep- 
tibility of the catalytic gasoline. Therefore, a lowering 
of the sulfur content of the charge stock increases the 
leaded octane number. Lowering the sulfur also reduces 
the coke yield since part of the charge sulfur is de- 
posited on the catalyst and is determined as part of 
the coke yield. 


Conversion, Wt % 





Gasoline, Vol. % 





Total Gas, Wt.% 


Yield, % Charge 


oo 


hun 


Coke, Wt.% 











% C8 





L. ! 
50 40 30 20 
A 
% Cy 
FIGURE 6—Although gasoline yield is relatively constant, 
increasing paraffin in the saturate fraction gives lower gaso- 
line octane number. 
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FIGURE 7—Increasing naphthene in the saturate fraction 
while decreasing paraffin in the aromatic fraction increases 
the gasoline octane number. 
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The effect of basic nitrogen on cracking is quite obvi- 
ous from Case IX and Figure 8. Increasing the basic 
nitrogen lowers total gas and gasoline yields but in- 
creases the coke yield. These effects are evidenced by 
the large decrease in gasoline to coke ratio. These con- 
clusions are in agreement with those reported in the 
literature.*> Decreasing the naphtha content of a 
charge stock improves the leaded and unleaded octane 
numbers of the catalytic gasoline. This effect is illus- 
trated in Case X. 


Conversion,Wt % 


i ag: 








Total Gas, Wt.% 


iin 





Yield, % Charge 
ro) 








0.10 0.20 
Basic Nitrogen, Wt% 


FIGURE 8—Increasing the basic nitrogen lowers total gas 
and gasoline yields but increases the coke yield. 


These cracking correlations have many applications. 
They will aid in the selection and evaluation of crudes 
by predicting the quality of the cracking stock from 
which the refinery can assay its value. The correlations 
are also useful for predicting changes in refinery yield 
structure when changing catalytic cracker feed com- 
position. The ability to relate product yields and there- 
fore refinery operation to the chemical and physical 
properties of the cracker feed results in a better under- 
standing of those factors which contribute to the over- 
all refinery operation. 

The equations developed predict the cracked prod- 
uct distribution of a given charge stock on a once- 
thru basis for the specific cracking catalyst and reactor 
conditions actually used in this investigation. To con- 
vert a product distribution calculated from these cor- 
relations to an alternate catalyst system or other type 
of cracking unit employing different reactor conditions 
it would be necessary to make specific adjustments. 
These changes may be accomplished by determining the 
ratio of product yields for a known charge stock in the 
users applicable situation to those predicted by these 
cracking correlations. No difficulty should be encoun- 
tered in making the necessary changes by those familiar 
with catalytic cracking. 


NOTICE THESE LIMITATIONS 
There are certain limitations on charge stock prop- 
erties whose effects have not been considered in these 
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correlations. The presence of metals (nickel, vanadium, 
and iron) in the charge should not change the cracking 
characteristic of the stock but when present in sufficient 
concentration they could eventually poison the catalyst 
and thus alter the cracked product distribution. The 
effect of the accumulation of metals on the catalyst has 
been neglected in the determination of these cracking 
correlations. 

Reduced crudes can be catalytically cracked in a 
moving bed operation;'* however, they may produce 
abnormally high coke yields. The asphaltene and resin 
content of the reduced crude is an indication of the 
non-catalytic coke that may be encountered. A high 
percentage of these components are converted to coke. 
While data applicable to these stocks have not been 
included in these cracking correlations it is believed 
that the correlations can be adapted to predict a rea- 
sonable product distribution provided a correction term, 
based on the asphaltene and resin content is applied to 
the catalytic coke estimate. 

The presence of naphtha, as indicated earlier, was 
considered to pass through the reactor essentially un- 
changed at conditions normally used to crack gas oil. 
While this assumption is valid at low concentrations of 
naphtha (up to about 10 percent) it would not hold for 
charge stocks whose entire boiling range falls below 
450° F. This material is refractory to cracking but will 
crack to some extent depending on catalyst activity and 
severity of operation. The cracked product distribution 
obtained from a naphtha-type charge may not agree 
with that predicted from these correlations. No work 
has been done to actually relate the correlations to the 
catalytic cracking of naphtha. 


The blending of petroleum fractions exhibiting widely 
different properties might also be beyond the scope of 


the derived correlations. When average chemical and 
physical properties are not representative of any mate- 
rial found in the stock, then it is doubtful that the aver- 
age properties can justly describe the blend, with the 
result that the application of the correlations may not 


be valid. 


Original presentation was before the American Insti- 
tute of Chemical Engineers, San Francisco, December 
6-9, 1959 and revised by the authors for exclusive pub- 
lication in PETROLEUM REFINER. 


Symbols Used 


Carbon atoms in aromatic rings, %. 
Carbon atoms in naphthene rings, “%. 

= Carbon atoms in paraffin chain structures, 
free and combined, % 

Carbon atoms in naphthene rings in the 
fraction, %. 

Carbon atoms in iso and n-paraffins and as par- 
affin chains on naphthene rings in the saturate 
fraction, %. 

- Carbon atoms in naphthene rings condensed with 
aromatic rings in the aromatic fraction, %. 
Carbon atoms in paraffinic chains on aromatic 
rings and the associated aromatic-naphthene struc- 
tures in the aromatic fraction, %. 

MABP = Mean average boiling point, °F. 
Nz = Basic nitrogen, weight %. 
Sr = Total sulfur, weight %. 
0 = Standard deviation of derived equations. 
0, = Standard deviation of experimental data. 


both 


saturate 
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Ethylene Zs at Low Pressures 


Compressibility factors are given for pres- 
sures up to 2.0 atmospheres for a tempera- 


ture range of —22 to 150° F 


B. Lynn Turlington* and John J. McKetta 
The University of Texas, Austin 


A MODIFIED EDWARDS density balance was used 
to measure compressibility of ethylene at pressures up 
to 2.0 atmospheres and over a temperature range of 
—22° to 150° F (—30° to 30° C). Second virial co- 
efficients were calculated for the temperatures covered 
in this investigation and compared with data presented 
in the literature for ethylene. The compressibility data 
are estimated to be accurate within +0.10 percent of 
the actual compressibility factor. 


Experimental Apparatus. Previous investigators ® * 
have discussed the historical background, principle of 
operation, and gas density balance methods of the 
Edwards gas density balance. 

Gas adsorption on the surface of the density bulb 
was a source of error in early compressibility measure- 


* Present address: Monsanto Chemical Co., St. Louis, Mo. 
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ments. This error was eliminated by chrome plating 
the float and by adding a counter balance with the 
equivalent surface area of the float. 


Experimental Gases. The purity and molecular weight 
of the experimental gases were determined by use of a 
mass spectrometer. The results are as follows: 


Gas 
Argon 
Ethylene 


Percent Purity Molecular Weight 


99.89 39.931 
99.91 28.053 
Experimental Data and Results. The compressibility 
factors for ethylene are presented in Figure 1. The 
experimental data are listed in Table 1. 

The results were fitted to a virial equation of state 
of the form 


Z = (PV)/(RT) =1+BP+CP?+... (1) 


The linearity of each isotherm for pressures less than 
2.0 atmospheres allows further simplification to 


Z = (PV)/(RT) =1 + BP. 


The second virial coefficient, B, was calculated using 
a least squares procedure. The values for each isotherm 
are presented in Table 2. The results from other investi- 
gations are compared with the experimental values of 
this investigation in Figure 2. 

The inconsistency of the literature values makes a 
general comparison impossible. However, the work of 
Fox and Lambert, Guggenheim and McGlashan, and 
Michels and Geidermans are in fair agreement with the 
present work. Fox and Lambert as well as Guggenheim 
and McGlashan reported data that were slightly below 
the present work while Michels and Geidermans re- 
ported data that were slightly higher in value. The 
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FIGURE 1—Compressibility factors for ethylene. 
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TABLE 1—Experimental Data 





Cm ress- 
bility 


aed 


Pressure, 


Temperature, °C mm Hg. 





Ethylene 
—30..... 597.71 
1153.14 
602.87 
1240.39 
646.69 
1318.80 


0.9926 
0.9858 
0.9933 
0.9863 
0.9936 
0.9870 
0.9957 
0.9877 
0.9958 


1468.7 0.9890 














TABLE 2—Second Virial Coefficients 








Temperature, °C | —B X 103 (atm.-!) 





A. Present Work 

30 ‘ 9.38 
8.42 
7.49 
6.46 
5.66 
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FIGURE 2—Second virial coefficients of ethylene. 


present work is an approximate average of these in- 
vestigations, 

The actual maximum error of the reported compres- 
sibility factors is estimated to be less than +0.10 per- 
cent. 
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PART 1: Fractions Separated 


Use Fractions for Recycle Balances 


This method simplifies calculating ma- 
terial balances and gives better under- 
standing of material balance variables 


M. A. Vela, Monsanto Chemical Co. 
Texas City, Texas 


Here is a method which simplifies calculation of a 
complex multi-component recycle material balance 
and allows a better understanding of the material 
balance variables. 

A complex multi-component recycle material balance 
is at times a tough trial and error calculation. The 
process design engineer is usually frustrated by the exas- 
perating problem of finding a stream that can absorb 
the last few pounds of a component. He has no patience 
left for analyzing the significance of the variables. In 
addition, the usual methods of calculation do not nor- 
mally allow an understanding of what is happening to 
the components in the process. 

Briefly, the suggested method takes advantage of the 
simplicity resulting from the use of fractions separated. 
“Fractions” refer to that portion of a single component 
that is separated from a flowing stream by some opera- 
tion. Such fractions are suggested by Kremser-Brown 
Absorption and Stripping Efficiencies, i.e., fractions 
absorbed or stripped. Hachmuth® suggests fractionator 
performance is conveniently expressed as fractions of 
feed components appearing in either the overhead or 
bottoms product streams. The advantage of using frac- 
tions in calculating absorbers and strippers when com- 
plicated recycle material balance calculations are in- 
volved is suggested by Hachmuth.*® 

Extension and development of this procedure is pre- 
sented in this article, The general principles will be 
illustrated with an example for the catalytic dehydro- 
genation of propane taken from Hougen, Watson and 
Ragatz® with some minor modifications. 


Common Problem. This type of a recycle problem is 
common to many plant designs. The total feed to a 
reactor is composed of a fresh feed stream combined 
with a recycle stream from some other part of the plant. 
The composition and amount of the recycle stream is 
not known and depends on what happens to the total 
reactor feed stream after passing through several oper- 
ating units—reactors, columns, separators, condensers, 
etc. 

Normally this problem is solved by algebraic proce- 
dures unique to each design and the physical signifi- 
cance is obscured by the mathematics. Culbertson? and 
Holmes’ consider the recycle problem in connection with 
reactor performance. Nagiev’**? uses matrix algebra to 
solve the complex material balance equations. 

An example is presented which illustrates a direct 
solution to the recycle problem which does not require 
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trial and error. Part 2 of this article treats more compli- 
cated recycles and deals in more detail with useful 
methods for expressing performance in terms of frac- 
tions separated. 


EXAMPLE 
Refer to Figure 1. The example is presented as 
follows: 


What do we know? 


1) We know from lab experiments that 100 moles of 
propane when passed through the catalyst at a rate of 
4.1 Ib-moles/cu ft-hr and 1,000-1,200° F will yield a 
product of the analysis shown in Table 1. 


Table 1—Reactor Effluent Composition 


Mole Percent 
| in Product 





Hydrogen. ... 
Methane... 
Ethylene. .. 
Ethane....... 
Propylene. . 
Propane.... 


100.0 


It is convenient at this point to make the calculations, 
shown in Table 2, based on 100 lb-moles of product 
from the reactor. 


Table 2—Reactor Performance 


| 
Frac- 
tion 
of the 
Pro- 
pane 
Con- 
verted 
| to the 
Prod- 


ucts 


Prod- Ilb- 
uct moles 
lb- Pro- 

atoms) pane 

MW He Feed 


Ibs. 
Pro- 
pane 
Feed 


Ibs. 
Prod- 
uct 





2.02 | 50.8 
16.04 12.8 
28.05 ® 
30.07 | 
42.08 | 
44.09 356.0 
| 12.0 
| 


51.3 
51.3 
9 8.4 | 
31.8 159.4 
127.8 $96.3 | 


0.016 
0.016 
0.0038 
0.050 

0.280 
1,962.0} 0.613 
(70.3) | 0.022 


Hydrogen | 
Methane 
Ethylene 
Ethane 

Propylene 
Propane 

Carbon | 


580.4 
} 


3,199.0 | 1.000 


3,199 | 


3,199 


(Key: All hydrogen in the product must come from pro- 
pane feed.) 


2) We know that if we feed the reactor effluent to 
an absorber, none of the hydrogen will be absorbed. 
Operating conditions are selected to give the perform- 
ance summarized in Table 3, based on 100 moles of 
reactor product. 

3) We know that if we strip the material from the 
rich absorber oil and feed it to a fractionator, we can 
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Table 3—Absorber Performance 





Fraction of 
Absorber Feed 
not Absorbed 


lb-moles 





1.00 
0.95 
0.70 
0.60 
0.01 
0.003 


Hydrogen...... 
Methane....... 
Ethylene...... 


> 


TWwWwWe 


Propylene... . 
Propane 








select operating conditions that will give the data shown 
in Table 4. The fractionator bottoms product is recycled 
to the reactor. 


Table 4—Fractionator Performance 


Fraction of Feed 
Recovered in the 
Overhead Product 





1.00 
1.00 
1.00 
0.96 
0.002 


Methane. . 
Ethane.... 
Ethylene. 
Propylene 
Propane 


What do we want to know? This illustration is con- 
cerned with a method for calculating an over-all recycle 
material balance with a minimum of trial and error. 
Such a calculation provides answers to questions on 
yield performance and recycle rates. 

How to calculate the over-all material balance— 
Calculating the material balance on a weight basis is 
usually desirable. Let’s base the calculation on 100 
pounds of fresh propane feed per hour. Refer to the 
process illustrated in Figure 1. The procedure is illus- 
trated by running the balance through on propane. 

Total pounds of fresh propane fed to the plant must 
equal the sum of: 

1. Pounds converted in the reactor 


2. Pounds leaving the absorber overhead 


Fresh 
Propane 
Feed 


62+ 


Heater 


Absorber 


3. Pounds in the product 
Let’s define the following symbols: 
wy = pounds per hour of propane in the fresh feed 
w = pounds per hour of propane flowing into the 
reactor 
f, = fraction of propane feed to the reactor that is 
converted 
f, = fraction of propane feed to the absorber that 
appears in the overhead 
f{, =fraction of propane feed to the product distilla- 
tion column that appears in the overhead 
product 
The quantities represented by the symbols will be differ- 
ent for each component. Subscripts identifying com- 
pounds were omitted to avoid confusion. f,, for exam- 
ple, may apply to propane, propylene or any of the 
other compounds. 
Then, let’s make the following calculations: 
Pounds of propane converted = wf, 
Pounds that are fed to the absorber = w (1— f,) 
Pounds leaving in the absorber overhead = 
w(1—f, 
Pounds that are fed to the distillation column = 
w (l—f,) (1— fg) 
Pounds that appear in the product = 
w (l—f,.) (l1—f,) f, 
An over-all material balance, 
Wy, = wf, +. w (l— t.) * + w (l— f, ) (1 f,, f, 
(1) 
Solving for the amount flowing into the reactor, 
w= — ; We (2) 
f, + (I—f,) f, + (I—f,) (I—f,) a 
Note that what is calculated is the amount of propane 
flowing in the combined reactor feed. Generally, calcu- 
lating the flow just downstream of the feed point re- 
sults in the simplest equations. Remembering that the 
required fractions have been computed (Tables 2, 3 
and 4), 





—— 100 Ibs, 
v= - —______——— 
(0.387) + (0.613) (0.003) + (0.613) (0.997) (0.002 
w = 256.2 pounds per hour 





Product 
Column 


a 





Product 











Nil 





Recycle 

















Stripper 








Cooler 





FIGURE 1—Scheme for catalytic dehydrogenation of propane to propylene used in example ) 


calculation. 
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Table 5—Summary of Calculation Based on 100 Lb/Hr Fresh Propane Feed to the Plant 








Rate of 


Fractions of Compounds in Feed 
Removed from Plant 





Fraction of 
Propane 
Converted 
to the 
Products 


Converted 
in Reactor 


(Dis- 
appearing) 


Not Rate of 
— 


atatthie 


Weight 
Percent in 
Reactor 
Feed 


Flow in 
Reactor 
Effluent 


Rate of Flow 
in Reactor Feed 





wi Wr 
(lb/hr) (lb/hr) 


w 
Wr 


fet(1 Aefo 


w= 
fe+(1-fe)fp 
(Ib/hr) 


[Ws ( fof 7 
: f)(1- fs)fp 


(lb/hr) 





Hydrogen.... 


Methane........ 





1.00 


1.00 








Ethylene....... 


Ethane.... 
Propylene.... 
Propane. . 
(uncon- 
verted) 


Carbon. . 





1.00 
1.00 





0.960 














ere 

















Notes: 
" gomponents are then used to calculate the others. 


The calculation is carried through first for components that are fed with the fresh feed and are not formed in the reactor. 


The flow rates of these 


The fractions always refer to the amount of the component flowing in the feed to the particular unit, mot to the plant. 
The column which shows the amount flowing in the reactor effluent does not include the contribution to the flow resulting from external feed of 


” the compound, when calculated by the formula shown. 
as noted in 1. 


For every 100 pounds of fresh propane feed to the 
plant, 256.2 pounds will appear in the combined reactor 
feed—156.2 pounds must come from the recycle stream. 
Note that the fraction of propane converted, f., is equal 
to 1— 0.613 = 0.387. 

Since it is known that all other products are pro- 
duced from propane, similar equations can be written 
for those components produced in the reaction. Let’s 
take propylene as an example. 

Propylene. To calculate the amount of propylene in 
the feed stream by material balance, it is convenient to 
solve first for the amount flowing downstream of the 
reactor, w’ 


w, = w ff, + w’ (1 —f,) f, (3) 


W, 


f, + (1—f,) f, 


The total amount of propylene which must leave the 
plant is that which is produced in the reactor and may 
be calculated as follows :* 





w, = pounds of propylene produced in the reactor = 
(256.2) (0.280) = 71.7 pounds of proylene pro- 
duced per hour. 

Then the amount flowing in the combined reactor feed 
is: 
t (5) 
— —w 
f, + (1—f£,) ‘. 
71.7 
0.010 + (1 — 0.010) 0.960 
(1 — 0.960) 
(0.960) 





-71.7 





(71.7) = 3.0 pounds per hour 


of propylene 


It is found that the equations for all the other compo- 
nents take the same pattern. 


* Note that this particular example does not consider that some preprtene 
may be destroyed in the reactor. If the fraction destroyed is known, it 
may be easily accounted for in the equations. 


May 1961—PrtROLEUM REFINER 


Compounds which are fed to the plant and are converted are calculated independently 


All Materials. The procedure is applied to all the 
materials flowing. A summary of these results is pre- 
sented in Table 5. The sum of all compounds flowing 
in the reactor feed and at any other point is easily com- 
puted. Take propane as an example. 


Propane Flow Rates 
Reactor feed = 256.2 pounds per hour 
Reactor effluent = w (1 —f,) = 256.2 (0.613) = 157 
pounds per hour 
Absorber bottoms = w (1 —f,) (1— f,) = 157 (0.997) 
= 156.5 pounds per hour 
Product column bottoms = w (1 —f,) (1 — f,) (1 —f,) 
= 156.5 (0.998) = 156.2 
pounds per hour 
Reactor feed = recycle + fresh feed = 156.2 
= 256.2 pounds per hour 
Exploring More Complicated Situations 
Let’s add four pounds of propylene to the fresh pro- 
pane feed, then we have some propylene entering both 
in the fresh feed and some produced in the reaction. 
The quantity w is calculated with the two equations, 
(2) and (5), independently, 


+ 100 


Wr 
(1—f,) f£, + (1—f,) (1 


= 4.2 pounds per hour 


w (from feed) = 455 
Ke 


» 


(from reaction) = 


= 3.0 pounds per hour 


— WwW, 


and these two terms are added together to obtain 7.2 
pounds per hour, the total amount of propylene flowing 
in the combined reactor feed. This useful independence 
of different materials or portions of the same materials 
flowing in a system is the key and the strength of this 
calculation procedure. 

The addition of more compounds does not compli- 
cate the procedure. Increasing the number of operations 
(separations) in a single recycle system adds only simple 
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expressions to the equations. Of prime importance, of 
course, is the fact that the calculation of the operating 
units can be made independently on any basis desired— 
then their performance expressed in terms of fractions. 

Inert accumulation in recycle stream. Inerts which 
aré not removed from a recycle system will build up to 
intolerable concentrations. A purge or a vent of part 
of the recycle stream becomes necessary. The amount 
of vent required will depend on an economic balance 
between the vent losses of valuable materials and the 
penalties in carrying high inert concentrations (recircu- 
lating costs, reactor size, conversion losses) . 

Adding a venting operation to the recycle problem is 
simple, since the fraction vented, f,, is the same for all 
components. A trial and error calculation is required if 
the fraction vented is to be determined; but it is not 
difficult. 


For example, let’s assume that in the problem of 
Table 5, in place of ethane there is a compound x with 
properties such that 

f, = 0.10 (fraction not absorbed) 

f, = 0.10 (fraction in overhead product) 

w, = 12.8 lb-moles per hour 

The amount of compound x flowing in the reactor 
feed is calculated to be 54.6 pounds per hour—17.4 
wt % of the total feed. However, if we vent or purge 
10% of the recycle, the amount flowing in the reactor 
feed will change as given by the following equation and 
as shown in Table 6. This equation is essentially the 
same as shown in Table 5 with a term added to include 
the effect of venting. 


w r 


f.) fp + (i—f,) (1- 


Wr 


TF + (i—f,) i, + U—f,) G—f)f 
tian) 0) 48- f,) f, 


Table 6—The Effect of Venting on Reactor Feed 


Without Venting With Venting 


Ib./hr. Wt. % Ib. hr. Wt. 9 





Propylene..... .| 3. 0.9 2.! Ri: 
Propane...... | 256.2 81.7 | 222. .. 23 
> 
>. 


Compound x. . 54.6 | 17.4 34.4 1 


100.0 100.0 


The engineer will observe that as more components 
are treated and as more operations are added extra 
terms are added to the basic equations. At first sight 
these awesome-looking equations appear complex but 
as it turns out in the practical case most of the terms 
disappear and values for most of the others are known, 
usually resulting in relatively simple expressions for each 
component. The final calculation is carried out con- 
veniently in tabular form shown in Table 5. 

This type of a calculation immediately makes clear 
the interplay of the material balance variables and the 
fate of the individual components, 

Many chemical process problems are of the simple 
recycle type described in this article. Part 2 of this 
article describes a general procedure which can be ap- 


plied to more complicated recycle problems including 
“overlapping” recycles (recycles within recycles). In 
addition, Part 2 describes some procedures that are 
helpful in expressing the performance of units in terms 
of “fractions separated.” 


NOMENCLATURE 
A, B= as defined in the text 
= total feed rate to a unit, lb-moles/hr 
= fraction of a component absorbed in an absorber 
= net fraction of a component absorbed by an ab- 
sorber-prestripper 
fy fo, fy, fp = fractions separated in process units A, B, C, 
D, E and F, respectively 
= fraction of a component converted or disappearing 
in a reactor 
= fraction of a feed to an absorber not absorbed 
fraction of a total feed mixture which is liquid 
after a flash or partial condensation 
= fraction of a given component in the liquid por- 
tion of a partial flash or condensation 
the fraction of a material which passes through a 
recycle system main process stream 
= fraction of a stream vented or purged 
fraction of a component appearing in the net 
overhead product of a fractionator 
= fraction of a component stripped in a stripper 
= fraction of a total feed mixture which is vapor 
after a partial flash or condensation 
= fraction of a component in the vapor portion of a 
partial flash or condensation 
equilibrium ratio, y/x 
= stripping factor 
liquid downflow rate in a column, Ib-moles/hr 
distillation column reflux rate based on the feed 


f 


A? 


= absorption factor 

= the fraction of a material which passes through a 
recycle system, ignoring all recycles 
number of equilibrium stages 
total 
absolute 
the fraction of a material fed to a recycling unit 
which returns to the feed as recycle, ignoring all 
other recycles and flow streams 
temperature, degrees Fahrenheit 
vapor rate in a column, lb-moles/hr 


system pressure, pounds per square inch, 


= pounds per hour of a component flowing in a 
reactor feed stream 

= pounds per hour of a component in a reactor 
effluent stream 

= pounds per hour of a component in the fresh feed 
to the plant 

= pounds per hour of a component produced in a 
reactor 

= mole fraction of a component in a total stream to 

be partially flashed or condensed 
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Find Reaction Equilibrium Graphically 


Here is an example of thermodynamic equilibrium data, 


applied in graphical form, which can simplify the rapid 


selection of optimum reaction conditions and yields 


TEMPERATURE 





q 
. 
S 


— 
— 


L(x,n) and Kia Pe” 


Kn 











EQUILIBRIUM CONVERSION 


FIGURE 1—Shows a graphical solution for a chemical equilibrium calculaton. 
Kw is plotted against conversion and K/KP=" plotted against temperature. Since 
the equilibrium equation is fulfilled by equal values of the functions plotted as 
ordinates, the temperature and conversion values of the two curves intersected by 
a horizontal line represent equilibrium conditions. 
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MAXIMUM DEGREE OF 
COMPLETION obtainable under 
practical process conditions is one 
of the first considerations when a 
chemical reaction is studied as a step 
in a process. 

Degree of completion will influ- 
ence process economics by its effect 
on reactor size, quantity of recycle 
reactants, size of product separation 
equipment, and, in a general man- 
ner, ultimate yield of desired prod- 
uct. Economics are further influ- 
enced by physical conditions re- 
quired to obtain practical conver- 
sions. 


Equilibrium. The maximum extent 
to which a reaction will proceed is 
defined by the free energy change of 
the reacting system: thermodynamic 
equilibrium. While very few indus- 
trial reactions reach equilibrium, 
thermodynamic equilibrium does 
afford a good basis for measur- 
ing performance of existing proc- 
esses and for appraising the pos- 
sibilities of proposed reactions. 
Even in complex reaction systems 
which may result in multiple prod- 
ucts, equilibrium calculations can be 
useful. In such systems the reaction 
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conditions, pressure, temperature, 
catalysts, and reaction times are em- 
ployed to take advantage of differ- 
ences in reaction kinetics of the 
various products. Among many re- 
actions of this type are: 


1. The catalytic hydrogenation of 
carbon monoxide to methanol even 
though the ultimate equilibrium 
product is methane, and 


2. The partial oxidation of light 
hydrocarbons to yield acetylene al- 
though the ultimate equilibrium 
products are water, hydrogen, car- 
bon oxides, and carbon. 


Conditions. Very often much time 
and work can be saved by calcu- 
lating the reaction equilibrium for 
a system over a range of conditions. 
If a process is operating with a very 
close approach to equilibrium, in- 
creasing contact time or using a 
more active catalyst cannot improve 
conversion appreciably. However, 
process improvement may result 
from changing temperature, pres- 
sure, or reaction composition. Work 
along these lines is conveniently 
guided by developing charts which 
show the effect of process variables 
on equilibrium conversion. Such 
charts are termed “degree-of-comple- 
tion charts.” Conditions which will 
not provide economic conversion for 
a given reaction can be eliminated 
from study by the use of degree-of- 
completion charts. Often, reactions 
can be completely eliminated from 
study by equilibrium calculations. 


Calculation of equilibrium usually 
involves the solution of quadratic 
or higher degree equations. In many 
cases the solution is best obtained 
by a trial and error technique. The 
method presented here eliminates 
the necessity for trial and error cal- 
culations while yielding a general 
solution for the equilibrium of a 
given reaction over a selected range 
of conditions, Equilibrium in react- 
ing systems requires not only chemi- 
cal equilibrium, but also thermal 
equilibrium. Many processes are car- 
ried out adiabatically while others are 
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= (H~- HEt+Ar,2) 











TEMPERATURE 


FIGURE 2—Shows the generalized reaction heat balance which can be used as 
follows: Points 1 and 2 show that in an adiabatic reaction the enthalpy of the prod- 
ucts must equal that of the reactants. Points 1 and 3 shows isothermal heat re- 
quirements by difference in enthalpy. Points 1 and 4 shows that when initial and 
final temperatures are set the heat requirement is the difference in enthalpy of 


reactants and products. 


carried out with heat added to or 
removed from the zone of chemical 
reaction. Computation of equilib- 
rium under adiabatic conditions or 
calculation of heat requirements to 
permit equilibration at a selected 
temperature generally involves a 
double trial and error solution. This 
type of problem is also amenable to 
a generalized graphical solution over 
a selected range of conditions. 


Thermo Data. While data are not 
always available to calculate equilib- 
rium for a specified reaction, the 
body of thermodynamic data is con- 
stantly growing. Of particular value 
are the compilations of the American 
Petroleum Institute’ and the Na- 


tional Bureau of Standards.? Group 
contribution methods* can be used 
to estimate thermodynamic proper- 
ties for compounds for which experi- 
mental data are not available; how- 
ever, small errors in free energy 
values can result in order of magni- 
tude errors in calculated equilibrium 


constants. 


Gas Phase. The method of calcu- 
lating equilibrium presented here is 
particularly adaptable to gas phase 
reactions; however, a similar treat- 
ment can be developed for liquid 
phase reactions. In complex reaction 
systems in which a single reaction 
predominates, side reactions may be 
ignored with little error. If several 
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reactions occur to an appreciable 
extent, other methods of estimating 
the competing equilibria will be re- 
quired, Given the chemical reaction 
aB-+bB...=—IL+mM... 


the mass-action expression for equi- 
librium is 
= ee. si 
oa oo 
and the equilibrium constant, K, is 
defined thermodynamically by 
AF° =—RTInK 
(2) 
Since Equation (2) is based on free 
energy change of components in the 
ideal state, unit fugacity, it is prop- 
erly valid only for ideal systems. 
However, by the use of fugacity co- 
efficients, it is possible to represent 
real systems by Equation (2). If the 
relationships (3) and (4) 


f; = YP, (3) 
p, =N,P (4) 


are substituted into Equation (1), 
Equation (5) is obtained. 
— (NLP)! (Y¥yXuP)™--- 
(y,",P)® (YpXR”)” rer 





(5) 


Equation (5) can be rearranged by 
grouping 


Yz' Yu™ N,! Ny™ Pp! pm 
K= Y,* Yp” N,® N,> Ppa pb 
and the separation of the equilib- 
rium constant expression for a non- 


ideal system into the following ratios 
is obtained. 





— Yz} Yu™ 


Y Y,* Yp° 


a N,! Ny™ 
Ky, = =a 
; N,* N,° 


(6) 


(7) 


Ph =... 


pa P 


— P(1i+m) - (a+b) 


P! pm 
b 


(8) 


TEMPERATURE, °C 


450 





— 
+ 
- ——_+ 

—_— 

-— 

-— 





a ©. 


600 650 


0.7 O.F 0.5 


These ratios can be substituted into 
Equation (5) to give 


K = K,K,P20 (9) 


in which K is a function of temper- 
ature alone, Ky is a function of tem- 
perature, pressure, and components, 
Ky is a function of equilibrium com- 
position, and P=" is a function of 
pressure and stoichiometry of the 
reaction, 
If Equation (9) is written 
— 
igi K,p=2 


ia 


a general graphical solution for 
equilibrium conversion over a se- 
lected range of conditions may be 
developed. Let Ky be plotted as or- 
dinate against conversion of a reac- 
tant as one abscissa. On the same or- 


, 


dinate scale is plotted against 


KyP=2 


o-.S6 


o.7 °.8 


EFQU/L/IB RIVA FRACTION BUTENE CONVERTEO 


FIGURE 3—Degree-of-completion at various temperatures, pressures, and diluent ratios for butene-1 dehydrogenation. 
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temperature as a different abscissa. 
Since the equilibrium is fulfilled by 
equal values of the functions plotted 
as ordinate, the temperature and 
conversion values of the two curves 
intersected by a horizontal line rep- 
resent equilibrium conditions. 


Diluents. Many reactions are car- 
ried out in the presence of a diluent 
which, although not a part of the 
reaction, will influence the expres- 
sion for Ky as a function of con- 
version. In such cases, Ky can be 
conveniently plotted with diluent 
concentration as a parameter. Simi- 
larly, the effect of pressure on com- 
pletion of a reaction can be calcu- 


lated by plotting K P= with pres- 
sure as a parameter. It should be 
noted that pressure affects this func- 
tion not only directly, but also by 
its effect on Ky. At low pressures 
Ky can be assumed unity with little 
error. Figure 1 shows the scheme of 


the graphical calculation. 


The exact function of Ky with 
conversion will depend on the stoi- 
chiometry of the reacting system, the 
presence of an excess of one or more 


using a tabular form for the calcu- 
lations. 


Heat Balance. Calculation of ther- 
mal equilibrium involves a heat bal- 
ance between heat content of the 
reactants, heat content of the equi- 
librium mixture, heat absorbed or 
generated in the reaction, and heat 
added to or taken from the system 
by an external agency. This heat 
balance can be reduced to the form 
AH*® = = (H°— HH,” + AH fo”) products 
_— =(H° er H,° > SH,’ ) reactants (10) 
where AH® is the change in the 
enthalpy of the system, H°— H,° is 
the enthalpy of a component above 
a chosen reference state, and AH;,° 


is the enthalpy of formation of a 
component from the elements at the 
reference state. 

If this type of heat balance is used 
for systems at elevated pressures, 
correction for non-ideality must be 
made, although negligible error will 
be incurred at pressures up to sev- 
eral hundred pounds. A standard 
reference state may be conveniently 
chosen as absolute zero, 18°, or 25°C. 
Use of the combined formation and 
component enthalpies permits sim- 
ple addition and subtraction of all 
heat effects without consideration of 
a separate standard heat of reaction. 
This is necessary for the proposed 
graphical treatment of the problem. 


Table 1—Heat Balance‘ for Butene-1 Dehydrogenation at Various Temperatures, 
Pressures, and Steam Ratios 


Equilibrium compositions derived from Figure 3 and thermal data are the basis for this computation. 








Reactants, ni — M Btu/Ib. mole C,H, 





— 906.1 | 
| 47.7 | 


— 854.4 | 


, -1087.3 | 
43.5 | 47.7 | 
1054.9 | —1039.6 
1218.4 | 14. 3 


—1268.5 
93.5) 1 | 7 


10 | — 896.7 10 
1 | 52.0] 1 
| — 844.7 


— 891.9 | 10 
54.2 1 
— 837.7 


| —1076.0 | 12 | —1070.3 | 12 | 
52.0] 1 | 54.2 | 1 
1024.0 | 


of the reactants, and the possible | —1237:9 | 
presence of a non-reactive diluent. pd 
Consider the simple decomposition 

reaction 





Products, P = 1 atm. 


— 906.1 10 | 
7 | 0.64 | 
0.64 | 


0.36 


896.7 
A=L+M ' 

in which the initial charge is one 

mole of A. If x is the fraction of A 

converted at equilibrium, then 1 — x 

is the fraction of A unconverted and - . 

x will be the fraction of a mole of 4 | 0.31 | e2 | 

each L and M. The total number = | .3 

of moles at equilibrium is 1 + x and | 


= - 

0.67 

. 0.67 | 
25.0 | 0.33 

—1015.6 


—1076.0 
61.6 


1040.3 | 





30.0 | 


ae Products, P = 2 atm. 
n 1S 


x? ; 
— If, however, there are 
10 | — 96.7] 10 
0.52 | 47.8 | 0.61 
0.35 | 3.5 | 0.52 | 5.6 | 0.61 
0.65 31.0 | 0.48 | 25.0 
- 840.7 —~ £183 


10 | — 906.1 
na moles of diluent charged per 4 = 
mole of A, the total moles at equi- 
librium is 1 + x + ng and Ky is . | ee? 
P 21% 8.2 | 0.37 32.7 
x* ° He 215} 2. 0.37 3.7 
——,. Other expressions 78% 0.63 30.0 
nqXx — x* ; 1020.9 


1076.0 | 12 


1+ nyg— 





— 984.0 | 


for Ky can be similarly developed. Jy oo eee ee) ee 
The function Ky can be easily eval- 039) 39 | 
uated by selecting integral values | 

of x, eg., 0.1, 0.2, 0.3, .. 





—1201.1 | 








> and * H is used here as a space-saving abbreviation of (H°—H3 + A Hi8)i. 
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Reaction Heat Balance. In order 
to construct a general heat balance 
chart for a given reaction it is 
necessary to use the equilibrium 
chart illustrated in Figure 1 to deter- 
mine equilibrium composition at 
several temperatures over the de- 
sired range. Composition data, on a 
mole basis, are combined with en- 
thalpy data for each component in 
the reactant system and the equilib- 
rium system. The resulting summa- 
tions of product and reactant en- 
thalpies are plotted as ordinate 
against temperature as abscissa. 
Again, the effects of pressure and 
dilution are handled parametrically. 
A chart thus constructed can be used 
not only to determine the adiabatic 
equilibrium of the system, but also 
the heat effects necessary to or from 
the system to provide equilibrium at 
any desired temperature within the 
range of the chart. 

Figure 2 shows the construction 
of the generalized reaction heat bal- 
ance as well as illustrating the vari- 
ous ways in which the plot can be 
used. In an adiabatic reaction the 
enthalpy of the products must equal 
that of the reactants. Thus a hori- 
zontal line drawn from the reactant 
curve at the intial temperature will 
intersect the product curve at the 
adiabatic equilibrium temperature. 
The line from Point 1 to Point 2 
shows this determination, The iso- 
thermal heat requirement for a reac- 
tion can be determined by obtaining 
the enthalpy difference between the 
product and reactant curves at a 
constant temperature, illustrated by 
the line from Point 1 to Point 3. 
When the initial and final tempera- 
tures of a reacting system are set, 
the heat requirements may be taken 
as the difference in enthalpy of the 
reactant curve at the initial temper- 
ature and the enthalpy of the prod- 
uct curve at the desired final 
temperature. This calculation is 
illustrated by the line of Points 1 
and 4. 


EXAMPLE 
Consider as a specific example of 
the calculation method, the catalytic 
dehydrogenation of butene-1 to bu- 
tadiene-1, 3. In one process, a high 
temperature mixture of butane and 
steam are passed over a highly se- 
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lective iron oxide catalyst and the 
reaction is carried out adiabatically. 
Steam serves to provide heat for the 
endothermic reaction, shift the equi- 
librium in the forward direction by 
lowering the partial pressure of the 
hydrocarbons, and regenerate the 
catalyst by removing coke from the 
surface by the water-gas reaction. 
In the presence of the catalyst, 
only minor amounts of side prod- 
ucts are made. For the purpose of 
this illustration, side reactions will 
be considered negligible. The calcu- 


lation of all variables to be plotted 
is greatly facilitated by use of the 
tabular forms shown in “Example 
Calculation” and Table 1. Figure 3 
constitutes a degree-of-completion 
chart over a conversion range of 20 
to 80 percent under conditions of 
450° to 650° C, pressure of 1 and 2 
atm. absolute, and steam dilutions 
of 10, 12, and 14 moles per mole of 
initial butene. Figure 4 is the gen- 
eralized reaction heat balance de- 
rived from data obtained from Fig- 
ure 3. 


EXAMPLE CALCULATION 


Reaction. 


Initial Feed: 
Pressure: 1 and 2 atm. abs. 


Basis. 


C,H, —1= C,H, + H, (+n,H,0) 
1 mole C,H, +n, moles H,O 


Conversion: 20 to 80 percent C,H, converted 


Assumptions. Side reactions negligible 
K,=1 


Ev. sluation of Ky 


= C,H, + H, (+ n,H,O) 


x n 





w 


x 
Lits+a, -)(G 
1—x 
ee 


0.3 


0.0045 


0.0038 0.0097 


0.0084 


Evaluation of K/K, = 


Zn =2—1;PZ0=P 
By assumption K, = 1.0 


log,) K = 2(log,, Ky) 


Products — 


Since log,, K, of an element = 1 


log,, K = logy Kro, Hg 


K, °F 80 
7° 427 
log, Ria, —15.930 
—13.240 
— 2.690 
0.0020 
0.0010 


logo Kero i, 
log,,K 
K=>K/P@1 
K/P @ 2 


atm. 


atm. 


Graphical Cuntestie 





Data for Ky = f (x, n,) 


==1+x-+n 


0.0114 


900 
482 


—13.332 

— 2.048 
0.0090 
0.0045 


and K/K, P= 


w (moles at equil.) 


+x+n, : a 


0.5 


0.0435 
0.0370 
0.0323 


0.1390 
0.1190 
0.1040 


(Data teins — nce . 4) 


K/K,P=" = K/P 


> / 4 
= (log, K;) Reactants 


— log, Kron, 


1000 
538 


—14.910 

—13.418 

— 1.492 
0.0322 
0.0161 





= f (T,P) are plotted in Figure 3. 


Enthalpy data from the following computation are plotted in Figure 4. 








FIND REACTION EQUILIBRIUM GRAPHICALLY .. . 


The use of Figure 3 in determin- 
ing equilibrium under specified con- 
ditions is shown by the dotted solu- 
tion line. Thus, the equilibrium 
conversion at 562° C, 1 atm., anda 
steam dilution of 10 moles per mole 
butene is found to be 0.53, or 53 
percent of the initial butene. If, 
however, the pressure is 2 atm, while 
other conditions are unchanged, the 
conversion will only be 43 percent. 
If steam dilution is increased to 12 
and 14 moles, holding temperature 
at 562° and pressure at 1 atm., con- 
versions of 55 and 57 percent respec- 
tively may be obtained. This type of 
chart has been found very useful in 


predicting the effect of changing 
conditions on process economics. 
Figure 4 can be used to estimate 
the temperature and heat effects for 
this example. An initial temperature 
of 670 ° is required for the mixture 
to attain equilibrium at 1 atm., 10 
moles of steam, and temperature of 
562° under adiabatic conditions. 
Under the same pressure and tem- 
perature, but at 12 and 14 moles of 
steam, initial temperatures of 660° 
and 655° are required. Correspond- 
ing temperatures for equilibration at 
2 atm. are 650°, 645°, and 638°. 
Heat required to provide isothermal 
operation at 1 atm., 10 moles of 
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FIGURE 4—Is the generalized reaction heat balance derived from data obtained 


from Figure 3 for butene-1 dehydrogenation C,H,—1 (-++n,H,O) = C,H, + H 


(++nwH,O) 


steam, and 562° is found to be 
26,000 Btu per mole of initial bu- 
tene. Accuracy of both equilibrium 
and enthalpy calculations can be 
increased by plotting the charts on 
larger scales. 


NOMENCLATURE 


a, b,...1, m—stoichiometric coefficients 
in a generalized reaction 

f—fugacity 

AF°—free energy change for a reaction 
with components at unit fugacity 

AH°—enthalpy change in a reaction 

(H° —H,° + 4H,,°)—enthalpy of a 
component above the elements at a 
reference state and unit fugacity 

K—thermodynamic equilibrium constant 

K,—fugacity coefficient ratio, defined 
by Equation 6 

K,,—mole fraction ratio, defined by 
Equation 7 

n,—number of moles of a component, i 

N,—mole fraction of a component, i 

=,—stoichiometric difference in moles 
of product and reactant 

P—pressure 

R—gas constant 

T—temperature 
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CATALYSTS 


“Isomerization | 


Check BF, for 


y-Vox"sr-halela 
NL ear harela) 
Arylation 
OFeyale(-lat-t-halela) 


(O4"Zei lb 4-halelal 


How can BFsz help in your processing? 


Boron trifluoride is constantly demonstrating new effective- 
ness in organic synthesis. Not only does this “work horse” 
catalyst accelerate reaction rates ... it pays off in higher 
yields, lower production costs, and improved end products. 


General Chemical pioneered research and production of this 
exceedingly versatile catalyst . . . and is today the primary 
producer of BF; in America. General also initiated the prac- 
tice of preparing BF; in complex form for ease in shipping 
and handling. Today our fleet of tank cars and tube trailers 
makes various complexes as well as the compressed gas im- 
mediately available in large commercial quantities. 


Mail coupon now for free bulletins on the different forms of 
BF; for catalysis. 


ite | 


Wilteiae CENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 


BAKER & ADAMSON® Fine Chemicals 
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Nitration 
Polymerization : 


GENERAL CHEMICAL DIVISION 
Allied Chemical Corporation 
40 Rector Street, New York 6, N. Y. 


Please send technical bulletins checked below: 


Title Code No. 
DA-34691 


|. Boron Trifluoride, Compressed Gas 


_ Boron Trifluoride, Compressed Gas 
Handling Information 


j—— Boron Trifluoride Dihydrate 


| Boron Fluoride Complexes with 
Nitrogenous Compounds DA-3469-NIT-1 


‘pene Boron Fluoride Complexes with Oxygen- 
Containing Compounds ... .. .DA-3469-OXY-1 


j—— Boron Trifluoride, Ether 
| Complex, Tech. 


|— Boron Trifluoride, Monoethylamine 
Complex, Technical .......... 


— Boron Trifluoride, Phenol 
Complex, Technical 


DA-34671 


.DA-34711 


DA-34661 


DA-34682 


Name 





Firm 





Address 





City 





Your position 





For more data on advertised products, use Readers’ Service Cards, last page. 





IF YOU’RE PLANNING TO BUILD A NEW 
PLANT TO MAKE ANY OF THESE CHEMICALS... 


ACETALDEHYDE 
ACETIC ACID - ACETONE - ACETYLENE 
ALLETHRIN - ALUMINUM TRIETHYL - AMMONIA AMMONIUM 
NITRATE - AMMONIUM PICRATE - AMMONIUM SULFATE BENZOL - BERYLLIUM 
METAL - BISPHENOL - BUTADIENE - BUTANEDIOL - N-BUTANOL BUTYLENES - BUTYNEDIOL 
BUTYROLACTONE - CAPROLACTAM - CARBON BLACK - CARBON MONOXIDE - CARBON 
TETRACHLORIDE - CAUSTIC SODA - CHLORINE -CHLOROBENZENE == CHLOROFORM - CHLORTOLUENE 
COMPLEX FERTILIZERS - CUMENE - CYCLOHEXANOL - DIACETONE ya ALCOHOL - DI-AMMONIUM PHOSPHATE 
DICHLORETHANE - DICHLOROBENZENE - DI-ISOBUTYL ALCOHOL => DIKETENE - DIMETHYL FORMAMIDE -EPON® 

RESIN + EPOXY RESINS - ETHANOL - ETHYLBENZENE => ETHYL CHLORIDE - ETHYLENE - ETHYLENE 
DICHLORIDE - ETHYLENE GLYCOL - ETHYLENE OXIDE - FATTY + FORMALDEHYDE - FURFURAL 
HEAVY WATER - HYDROGEN - - HYDROGEN SULFIDE 
ISOBUTYLENE ISOPROPANOL.- ISOPROPYL ALCOHOL + MAGNESIUM SULFATE - MERCURIC 
NITRATE - METHANOL - METHYL ETHYL KETONE ——— 

NITROCHALK - NITROUS OXIDE - OXYGEN = PHENOL + PHTHALIC ANHYDRIDE + POLYBUTADIENE 

POLYVINYL ALCOHOL - POLYVINYL => PYRROLIDONE - POTASSIUM CYANIDE + PROPARGYL 

ALCOHOL - PROPYLENE ==> PROPYLENE DIMER, TETRAMER + PYRROLIDONE + RUBBER 
COPOLYMERS _ => sopium CYANIDE + SODIUM HYDROXIDE - STYRENE - SULFURIC 

ACID - SURFACTANTS + TETRAMER + TOLUENE - TRICHLORETHYLENE 
TRICHLOROBENZENE URANIUM OXIDE - UREA - VINYL 

ACETATE + VINYL PYRROLIDONE - XYLENES 


TALK TO LUMMUS FIRST... LUMMUS’ 
WORLD-WIDE ORGANIZATION HAS HANDLED THESE AND MANY MORE 


New York 
Newark, N. J. Madrid 
Houston The Hague 


Washington, D. C. Paris 
Montreal 


ENGINEERS AND CONSTRUCTORS FOR INDUSTRY 
385 MADISON AVENUE, NEW YORK 17, N.Y. 


For more data on advertised products, use Readers’ Service Cards, last page. PETROLEUM REFINER—V ol. 40, No. 5 





As Management Sees It... 





This 5-hour course can 


Revitalize 
Your Safety 
Program 


FIGURE 1—Author Lateiner demonstrates famous 


“Domino” 


technique for teaching safety, developed by safety pioneer H. W. 


Heinrich. 


Here’s an easily organized safety orientation plan for supervisors that 


can add renewed life to their safety efforts. You'll find that this refresh- 


ing approach to teaching safety changes attitudes fast 


Alfred Lateiner 
Safety Consultant, Mamaroneck, N. Y. 


FIVE ONE-HOUR guided discus- 
sion sessions on safety can revitalize 
your safety program. These sessions, 
which are outlined here, have been 
tried and proven time after time. 
They were first used during World 
War II at the New York Naval Ship- 
yard, employing 70,000 workers. 
There, more than 6,000 operating 
supervisors were trained and devel- 
oped by this program with a result- 
ing 67% injury reduction. Here’s how 
you can achieve similar results. 
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Useful For All. The course is for 
all levels of supervision. Top man- 
agement, including department heads 
and superintendents, may preview the 
ideas and method in a 45-minute 
appreciation (outline lecture) session. 
They can then convey approvals and 
recommendations with the benefit of 
a full understanding of the program. 
This avoids the dangers of lip-service 
support or hamstringing the efforts of 
enthusiastic foremen. 

It is also important to include the 
lowest level of supervision—the assist- 


ant foremen, group leaders, shift 
bosses, etc. They are the cutting edge 
of the management tool. They are at 
the point of effective action where 
accidents can be prevented. Training 
groups should be limited to about 12 
men for best control and participation. 
Sessions Change Attitudes. The 
sessions are set up so that attitudes 
are changed. There is little attempt 
to provide specific safety technology. 
The major problem is to get foremen 
to apply what they already know. An 
analysis of 2,500 disabling injuries re- 
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vealed that 80% were due to human 
failure and only 20% due to me- 
chanical failure. Behind the 80% hu- 
man failure there is always an unsafe 
personal factor breaking down as 
follows: 

1. 70% unproper job attitude 

2. 20% lack of knowledge or skill 

3. 5% physical deficiency 

Thus, attitude, a willingness and 
voluntary acceptance, is a major 
course target. Unsafe or wrong be- 
havior will not substantially change 
unless there is insight, understanding, 
belief and conviction—then the re- 
sulting improvement in attitude will 
lead to better and safer behavior. The 
attitude-building ideas which follow 
are designed to this end. 


Socratic Method. The method fol- 
lows Socrates’ idea that people do not 
learn as well when you tell them as 
they do when you ask questions. The 
group’s thinking is developed by a 
series of preplanned questions that 
lead from one logical conclusion to 
the next. A train of thought is then 
guided to the desired terminals or 
conclusions. 

The conference leader must avoid 
taking the role of the expert, and 
encourage participating foremen to be 
the “experts.” After all, they are the 
ones most familiar with correct prac- 
tices and correct working conditions 
of their kind of job. 

Some groups tend to sit back and 
listen. Perhaps they have not had 
much experience in participating in 
discussion groups. The simple answer 
to this problem is for the discussion 
leader to learn the value of a little 
silence. If the leader will pose a 
simple and reasonable question—then 
just wait, he will get answers and 
discussions. The leader must outwait 
the group. They will, within 30 or 60 
seconds, feel the pressure and respon- 
sibility of contributing answers to the 
questions. 

Mistakes, objections and disagree- 
ments from the group make the dis- 
cussion lively and interesting, The 
leader should try to maintain a neu- 
tral position, and moderate the direc- 
tions so that all points of view are 
expressed. 


DISCUSSION-COURSE OUTLINE 


Session 1. Objectives of session 
one are to: 

1. Establish that accidental injuries 
are caused by unsafe acts and con- 
ditions. 
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FIGURE 2—In an informal atmosphere such as this, with a fairly small group, the 
5-hour safety program can be most effective. 


2. Develop voluntary acceptance of 
the fact that the supervisor is respon- 
sible for removing unsafe acts and 
conditions, 

3. Demonstrate the law of prob- 
abilities in favor of prevention. 


Method: The discussion leader is 
introduced by the general manager or 
some other top management repre- 
sentative. This leader briefly explains 
that the series of five meetings will 
not be lectures but discussions where 
all will be invited to contribute ideas 
and comments from and 
varied experiences. 

The leader then illustrates on a 
paper pad, easel, or blackboard, the 
present situation of the company in- 
jury experience. He either shows by 
comparative information that: 

@ The excellent showing will not 
continue unless all exert maximum 
efforts to do better. 

@ The fairly good average is not 
satisfactory to an organization that 
demands and expects the best. 

@ The unsatisfactory showing must 
be improved. 

To recap—the leader must at this 
point provide motivation by: 

© Appeal to pride to continue the 
“championship.” 

© Appeal to the natural desire to 
excel. 

@ Demand for a reasonably satis- 
factory performance. 

The leader now boils down the 
group discussion to (1) room for 
improvement, or (2) need to work 
hard to stay on top of the hill. 

Then the question arises—WHY 


extensive 


IMPROVE? The leader waits for the 
group to develop good reasons, which 
he writes on the board. They usually 
come out as follows: 

1. Humane—needless suffering, 
death, pain, etc. 

2. Production—delay, quality, in- 
terruption. 

3. Cost—compensation is only 1/5 
of the real cost. 

4. Morale—industrial relations, 
good will, esprit de corps, 

5. Public Relations—community, 
area and customers. 

The leader then asks how many 
people have been injured during the 
past year. He writes the estimates on 
the blackboard—then gives the actual 
recorded number, confirming the pre- 
vious discussion that there is “room 
for improving.” 


An Analysis. Now he asks (pointing 
to the number on the blackboard) 
“What are we counting here?” When 
the group offers “Injuries,” he pro- 
duces an oversized wooden domino 
labelled INJURY (see photo). He 
then asks what always precedes the 
injury, and when they respond 
“Accidents” he places the ACCI- 
DENT domino in position. 

The group is then asked to define 
“Accidents.” This usually takes about 
five minutes and results in the fol- 
lowing definition: “An accident is an 
unplanned event caused by an unsafe 
act or an unsafe condition or both.” 
The leader then positions the third 
domino based on this definition. 

Next, the group suggests that there 
are always reasons for the unsafe ac- 
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tion and often for the unsafe condi- 
tion, as follows: 

1. Don’t know (lack of knowledge 
or skill) 

2. Don’t care (improper job atti- 
tude) 

3. Not able (physically deficient, 
temporary or chronic). 

These are lumped as “Defects of 
Person” and the two-spot domino is 
positioned. 

Then everyone is reminded that 
“we are working backwards” in the 
chain of events—just as a detective 
in a who-dun-it tries to reconstruct 
the events leading to the murder. We 
are trying to find the criminal—the 
cause—what caused it rather than 
who-dun-it. The unsafe act or condi- 
tion is the criminal to seek. This de- 
personalizes the attack and leads to 
constructive action. 

At this point we ask what pre- 
ceded the DEFECTS OF PERSON 
domino—where do these defects come 
from—how are they caused—what is 
the origin or point of beginning? The 
foremen respond with a variety of 
remarks which can be tactfully sum- 
marized as: 

1. Home conditions 

2. Personal habits 

3. Inexperience. 

The fifth domino set up, “BACK- 
GROUND,” completes a visual aid 
showing the injury sequence of fac- 
tors. 

The dominoes are now standing in 
sequence and can be related by a 
typical case wherein a worker has a 
sick child at home (domino 1, 
BACKGROUND). He comes in to 
work—distracted, unhappy and dis- 
turbed (domino 2, DEFECTS OF 
PERSON) and goes to his machine 
and pulls the wrong switch (domino 
3, UNSAFE ACTION) which caused 
something to go wrong (domino 4, 
ACCIDENT) and he or someone else 
may get hurt (domino 5, INJURY). 
At this point the leader pushes the 
BACKGROUND domino and knocks 
the whole line over, producing vis- 
ually the injury sequence. 

The leader now sets the dominoes 
up and states that we as industrial 
supervisors would like to prevent the 
injury and accident. Therefore, why 
not pull out one of the first three 
dominoes and thus break up the chain 
of events leading to accident and 
injury. 

The group alternately suggests re- 
moving dominoes 1, 2 and 3. Removal 
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of any one of these three would solve 
the problem, but can we pull out 
BACKGROUND or DEFECTS OF 
PERSON? The only reasonable and 
practical answer is the removal of 
domino 3, UNSAFE ACTS AND 
CONDITIONS. This is true for three 
reasons. We can see unsafe acts and 
conditions. They are on company 
property and the company has a right 
to control the working practices and 
conditions. These opportunities and 
rights are not necessarily true of the 
first two dominoes—BACKGROUND 
and DEFECTS OF PERSON. 
Furthermore, the third domino— 
UNSAFE ACTS AND CONDI- 
TIONS—teally represents the true 
and immediate causes of all accidents. 


Next, we consider whether we can 
always eliminate the UNSAFE ACT 
AND CONDITION. The answer is 
NO. Real obstacles are: 

1) Economic considerations. It may 
cost a great deal of money to elimi- 
nate a minor hazard, and in com- 
petitive business we cannot afford to 
spend a great deal to correct a minor 
problem. 

2) Technological shortcomings. We 
do not today know the perfectly safe 
way to do many things. We hope 
that tomorrow we will find a better 
way, but in the meantime the work 
must go on—just as we know that 
to get up in the morning and go to 
work involves a calculated risk. We 
might reason that to be perfectly safe 
we should stay home in bed. But we 
know that accidents can even happen 
that way. 

But, we all know that many of these 
unsafe acts and conditions are un- 
necessary—that there is a better and 
safer way to do the same things. In 
fact, in the opinion of safety experts 
one half of all these unsafe acts and 
conditions are unnecessary and could 
be done in a better and safer way. 
That is our challenge. Cut the rate 
in half—especially if we are only 
average in terms of our injury fre- 
quency. 

The next question comes up as to 
who is to do this job of correcting 
and eliminating unsafe acts and con- 
ditions. The group suggests a list: 
The supervisor, the worker, the gen- 
eral manager, maintenance and safety 
director, safety committee, insurance 
company, state inspectors, etc. They 
agree it is everybody’s job. That 
means nobody’s job—let the other 
follow do it. 


Discussion on this point leads to 
agreement that the worker is drift- 
ing along with unsafe practices and 
acceptance of exposure to unsafe 
conditions. The general manager, 
safety director, maintenance, insur- 
ance company, etc., are interested 
and concerned but not close enough 
to control, as these things occur day- 
to-day in all locations. We then ask 
the foreman who is close enough to 
have 

1. The opportunity 


2. The authority, and therefore the 
responsibility, to control unsafe acts 
and conditions? 

They are always forced, through 
inevitable logic, to concede that the 
foreman is the man—no one else can 
do the job. 

The leader now turns to the dom- 
inoes and sets the five up. He then 
pushes BACKGROUND and pulls 
INJURY before it is knocked over. 
This illustrates that there are ACCI- 
DENTS with no INJURY. In other 
words, we do not always have an 
injury when an accident occurs. The 
leader asks the group to explain 
this phenomenon, and they generally 
agree it is usually a matter of luck. 

The leader asks, “How lucky can 
you be? If many people walked 
through a doorway with a cable 
stretched across, inches from the floor, 
would everybody passing through get 
hurt?” The answer is no, but some 
people would trip or stumble and 
fewer would fall and suffer a cut, 
bruise, or minor injury. Eventually 
someone would fall in a peculiar way 
and sprain a wrist or break a bone. 
That is the background of a lost-time 
injury. 

The leader now asks the group 
how many people have to trip over 
the hazard before we have a serious 
injury. He explains that we don’t 
have to wonder or guess because 
research, conducted by safety expert 
H. W. Heinrich while with one of the 
nation’s larger insurance companies, 
has revealed that there is a law of 
probabilities operating in the incid- 
ence of injuries. On the average, 330 
exposures result in 29 minor injuries 
and one major injury. This is to say— 
the law of averages provides 300 ex- 
posures with a lucky (no injury) out- 
come in ratio to 30 unlucky (minor or 
major injury). The odds are approx- 
imately 10 to 1 in favor of prevention. 
In favor, because of every injury (of 
any degree) that occurs there are 10 
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vealed that 80% were due to human 
failure and only 20% due to me- 
chanical failure. Behind the 80% hu- 
man failure there is always an unsafe 
personal factor breaking down as 
follows: 
1. 70% 
2. 20% 


unproper job attitude 
lack of knowledge or skill 

3. 5% physical deficiency 

Thus, attitude, a willingness and 
voluntary acceptance, is a major 
course target. Unsafe or wrong be- 
havior will not substantially change 
unless there is insight, understanding, 
belief and conviction—then the re- 
sulting improvement in attitude will 
lead to better and safer behavior. The 
attitude-building ideas which follow 
are designed to this end. 


Socratic Method. The method fol- 
lows Socrates’ idea that people do not 
learn as well when you tell them as 
they do when you ask questions. The 
group’s thinking is developed by a 
series of preplanned questions that 
lead from one logical conclusion to 
the next. A train of thought is then 
guided to the desired terminals or 
conclusions. 

The conference leader must avoid 
taking the role of the expert, and 
encourage participating foremen to be 
the “experts.” After all, they are the 
ones most familiar with correct prac- 
tices and correct working conditions 
of their kind of job. 

Some groups tend to sit back and 
listen. Perhaps they have not had 
much experience in participating in 
discussion groups. The simple answer 
to this problem is for the discussion 
leader to learn the value of a little 
silence. If the leader will pose a 
simple and reasonable question—then 
just wait, he will get answers and 
discussions. The leader must outwait 
the group. They will, within 30 or 60 
seconds, feel the pressure and respon- 
sibility of contributing answers to the 
questions. 

Mistakes, objections and disagree- 
ments from the group make the dis- 
cussion lively and interesting. The 
leader should try to maintain a neu- 
tral position, and moderate the direc- 
tions so that all points of view are 
expressed. 


DISCUSSION-COURSE OUTLINE 

Session 1. Objectives of session 
one are to: 

1. Establish that accidental injuries 
are caused by unsafe acts and con- 
ditions. 
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FIGURE 2—In an informal atmosphere 


such as this, with a fairly small group, the 


5-hour safety program can be most effective. 


2. Develop voluntary acceptance of 
the fact that the supervisor is respon- 
sible for removing unsafe acts and 
conditions. 

3. Demonstrate the law of prob- 
abilities in favor of prevention. 


Method: The discussion leader is 
introduced by the general manager or 
some other top management repre- 
sentative. This leader briefly explains 
that the series of five meetings will 
not be lectures but discussions where 
all will be invited to contribute ideas 
and comments from extensive and 
varied experiences. 

The leader then illustrates on a 
paper pad, easel, or blackboard, the 
present situation of the company in- 
jury experience. He either shows by 
comparative information that: 

® The excellent showing will not 
continue unless all exert maximum 
efforts to do better. 

@ The fairly good average is not 
satisfactory to an organization that 
demands and expects the best. 

@ The unsatisfactory showing must 
be improved. 

To recap—the leader must at this 
point provide motivation by: 

©@ Appeal to pride to continue the 
“championship.” 

® Appeal to the natural desire to 
excel. 

® Demand for a reasonably satis- 
factory performance. 

The leader now boils down the 
group discussion to (1) room for 
improvement, or (2) need to work 
hard to stay on top of the hill. 

Then the question arises—WHY 


IMPROVE? The leader waits for the 
group to develop good reasons, which 
he writes on the board. They usually 
come out as follows: 

1. Humane—needless suffering, 
death, pain, etc. 

2. Production—delay, quality, in- 
terruption. 

3. Cost—compensation is only 1/5 
of the real cost. 

4. Morale—industrial relations, 
good will, esprit de corps. 

5. Public Relations—community, 
area and customers. 

The leader then asks how many 
people have been injured during the 
past year. He writes the estimates on 
the blackboard—then gives the actual 
recorded number, confirming the pre- 
vious discussion that there is “room 
for improving.” 


An Analysis. Now he asks (pointing 
to the number on the blackboard) 
“What are we counting here?” When 
the group offers “Injuries,” he pro- 
duces an oversized wooden domino 
labelled INJURY (see photo). He 
then asks what always precedes the 
injury, and when they respond 
“Accidents” he places the ACCI- 
DENT domino in position. 

The group is then asked to define 
“Accidents.” This usually takes about 
five minutes and results in the fol- 
lowing definition: “An accident is an 
unplanned event caused by an unsafe 
act or an unsafe condition or both.” 
The leader then positions the third 
domino based on this definition. 

Next, the group suggests that there 
are always reasons for the unsafe ac- 
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tion and often for the unsafe condi- 
tion, as follows: 

1. Don’t know (lack of knowledge 
or skill) 

2. Don’t care (improper job atti- 
tude) 

3. Not able (physically deficient, 
temporary or chronic). 

These are lumped as “Defects of 
Person” and the two-spot domino is 
positioned. 

Then everyone is reminded that 
“we are working backwards” in the 
chain of events—just as a detective 
in a who-dun-it tries to reconstruct 
the events leading to the murder. We 
are trying to find the criminal—the 
cause—what caused it rather than 
who-dun-it. The unsafe act or condi- 
tion is the criminal to seek. This de- 
personalizes the attack and leads to 
constructive action. 

At this point we ask what pre- 
ceded the DEFECTS OF PERSON 
domino—where do these defects come 
from—how are they caused—what is 
the origin or point of beginning? The 
foremen respond with a variety of 
remarks which can be tactfully sum- 
marized as: 

1. Home conditions 

2. Personal habits 

3. Inexperience. 

The fifth domino set up, “BACK- 
GROUND,” completes a visual aid 
showing the injury sequence of fac- 
tors. 

The dominoes are now standing in 
sequence and can be related by a 
typical case wherein a worker has a 
sick child at home (domino 1, 
BACKGROUND). He comes in to 
work—distracted, unhappy and dis- 
turbed (domino 2, DEFECTS OF 
PERSON) and goes to his machine 
and pulls the wrong switch (domino 
3, UNSAFE ACTION) which caused 
something to go wrong (domino 4, 
ACCIDENT) and he or someone else 
may get hurt (domino 5, INJURY). 
At this point the leader pushes the 
BACKGROUND domino and knocks 
the whole line over, producing vis- 
ually the injury sequence. 

The leader now sets the dominoes 
up and states that we as industrial 
supervisors would like to prevent the 
injury and accident. Therefore, why 
not pull out one of the first three 
dominoes and thus break up the chain 
of events leading to accident and 
injury. 

The group alternately suggests re- 
moving dominoes 1, 2 and 3. Removal 
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of any one of these three would solve 
the problem, but can we pull out 
BACKGROUND or DEFECTS OF 
PERSON? The only reasonable and 
practical answer is the removal of 
domino 3, UNSAFE ACTS AND 
CONDITIONS. This is true for three 
reasons. We can see unsafe acts and 
conditions. They are on company 
property and the company has a right 
to control the working practices and 
conditions. These opportunities and 
rights are not necessarily true of the 
first two dominoes—BACKGROUND 
and DEFECTS OF PERSON. 
Furthermore, the third domino— 
UNSAFE ACTS AND CONDI- 
TIONS—really represents the true 
and immediate causes of all accidents. 


Next, we consider whether we can 
always eliminate the UNSAFE ACT 
AND CONDITION. The answer is 
NO. Real obstacles are: 


1) Economic considerations. It may 
cost a great deal of money to elimi- 
nate a minor hazard, and in com- 
petitive business we cannot afford to 
spend a great deal to correct a minor 
problem. 


2) Technological shortcomings. We 
do not today know the perfectly safe 
way to do many things. We hope 
that tomorrow we will find a better 
way, but in the meantime the work 
must go on—just as we know that 
to get up in the morning and go to 
work involves a calculated risk. We 
might reason that to be perfectly safe 
we should stay home in bed. But we 
know that accidents can even happen 
that way. 

But, we all know that many of these 
unsafe acts and conditions are un- 
necessary—that there is a better and 
safer way to do the same things. In 
fact, in the opinion of safety experts 
one half of all these unsafe acts and 
conditions are unnecessary and could 
be done in a better and safer way. 
That is our challenge. Cut the rate 
in half—especially if we are only 
average in terms of our injury fre- 
quency. 

The next question comes up as to 
who is to do this job of correcting 
and eliminating unsafe acts and con- 
ditions, The group suggests a list: 
The supervisor, the worker, the gen- 
eral manager, maintenance and safety 
director, safety committee, insurance 
company, state inspectors, etc. They 
agree it is everybody’s job. That 
means nobody’s job—let the other 
follow do it. 


Discussion on this point leads to 
agreement that the worker is drift- 
ing along with unsafe practices and 
acceptance of exposure to unsafe 
conditions. The general manager, 
safety director, maintenance, insur- 
ance company, etc., are interested 
and concerned but not close enough 
to control, as these things occur day- 
to-day in all locations. We then ask 
the foreman who is close enough to 
have 


1. The opportunity 


2. The authority, and therefore the 
responsibility, to control unsafe acts 
and conditions? 

They are always forced, through 
inevitable logic, to concede that the 
foreman is the man—no one else can 
do the job. 

The leader now turns to the dom- 
inoes and sets the five up. He then 
pushes BACKGROUND and pulls 
INJURY before it is knocked over. 
This illustrates that there are ACCI- 
DENTS with no INJURY. In other 
words, we do not always have an 
injury when an accident occurs. The 
leader asks the group to explain 
this phenomenon, and they generally 
agree it is usually a matter of luck. 

The leader asks, “How lucky can 
you be? If many people walked 
through a doorway with a cable 
stretched across, inches from the floor, 
would everybody passing through get 
hurt?” The answer is no, but some 
people would trip or stumble and 
fewer would fall and suffer a cut, 
bruise, or minor injury. Eventually 
someone would fall in a peculiar way 
and sprain a wrist or break a bone. 
That is the background of a lost-time 
injury. 

The leader now asks the group 
how many people have to trip over 
the hazard before we have a serious 
injury. He explains that we don’t 
have to wonder or guess because 
research, conducted by safety expert 
H. W. Heinrich while with one of the 
nation’s larger insurance companies, 
has revealed that there is a law of 
probabilities operating in the incid- 
ence of injuries. On the average, 330 
exposures result in 29 minor injuries 
and one major injury. This is to say— 
the law of averages provides 300 ex- 
posures with a lucky (no injury) out- 
come in ratio to 30 unlucky (minor or 
major injury). The odds are approx- 
imately 10 to 1 in favor of prevention. 
In favor, because of every injury (of 
any degree) that occurs there are 10 
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opportunities to anticipate and pre- 
vent. 

The leader underlines that we can- 
not repeal the law of averages. If ex- 
posures are allowed to continue it 
becomes a mathematical certainty 
that injuries will occur. Reduce the 
exposure and there will be less in- 
juries. There is no other way or 
short-cut to safety. A study of the 300- 
29-1 ratio reveals several other im- 
portant concepts. 

1. Minor injuries warn that a 
major injury is on the way. 

2. Every major (lost time) injury 
is evidence that many exposures (330 
on the average) have been tolerated. 

3. That while a gambler may take 
one chance he would not repeatedly 
take chances which show he is sure to 
lose—if he continues. 

This completes the first hour of the 
five hours safety training course. 


Session 2. Objectives of session two 
are to show supervisors the nature of 
causes of accidents, which they can 
eliminate. 


Method: The agreed conclusion of 
the previous meeting (that it is the 
supervisors’ responsibility to reduce 
accidents) is enlarged upon by re- 
quiring the group to build a list of 
various types of unsafe acts and con- 
ditions from their own experiences. 
This list translated into the terms of 
the standard-cause list of the Ameri- 
can Standards Association, involving 
nine classifications of unsafe acts and 
eight classifications of unsafe condi- 
tions. 

At the close of the session, the 
supervisors are given an assignment 
to observe acts of their workers and 
working conditions in their own de- 
partments. They are to note all un- 
safe acts and conditions for reporting 
at the next session. 


Session 3. Objective of session three 
is to show supervisors how they can 
correct unsafe acts and conditions. 


Method: Reports of supervisors on 
unsafe acts and conditions found in 
their own departments are received 
and interchanged. A study of these 
reports is made, which suggests that 
a corrective procedure for all unsafe 
acts and conditions should be devel- 
oped and agreed upon. By a series of 
calculated questionings and pre-plan- 
ned demonstrations, the leader has 
the group develop the following for- 
mulas for the supervisor: 
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1. When he observes unsafe acts of 
a worker, he must (a) stop the act; 
(b) study the job (or know the job); 
(c) instruct worker in correct method 
(tell-show-try-check) ; (d) follow up; 
(e) if necessary, discipline. 

2. When he observes an unsafe 
condition, he must (a) preferably re- 
move it; (b) otherwise, guard it; (c) 
if this cannot be done, provide warn- 
ing; (d) if supervisor can’t handle, 
he is to recommend change to own 
boss, Maintenance Department, or 
safety director; (e) follow up. 

Concluding this hour, supervisors 
are again assigned to observe and list 
all unsafe acts and conditions in their 
departments, but this time also to 
apply corrective procedures. Results 
are to be reported at the next session. 


Session 4. Objective of session four 
is to prove from application of prin- 
ciples already discussed, as revealed 
in reports on last assignment, that 
corrective procedures by supervisors 
are most effective means of accident 
elimination. 

Method: Reports are discussed with 


emphasis directed on the facts that 
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(1) good results are easily obtained; 
(2) it is a definite part of the super- 
visor’s job; (3) the responsibility for 
safety is a continuous, everyday job. 
The fourth hour is completed with 
a guided discussion, supported by an 
exhibit on the method of procure- 
ment and proper use and care of 
personal protective equipment. 


Session 5. Objective of session five 
is to teach supervisors what to do 
when an injury occurs. 


Method: First-aid procedure and 
policy are explained, followed by dis- 
cussion as to why injury report forms 
are needed. Each supervisor is given a 
blank injury report form, which is 
filled out by the group step by step, 
using a simulated plant injury as an 
illustration. 

The course is closed with a review 
of all major points brought out in all 
the five sessions, with emphasis on 
the need for daily application of the 
principles that have been developed 
and agreed upon by group thinking. 

The benefits of this method of ac- 
cident control have been proven in 20 
years of usage throughout the world. 
Companies operating with a fre- 
quency rate that ran average or 
higher than their industry group usu- 
ally were able to get a 50-percent 
reduction within one year. Of course, 
such substantial improvements were 
always coupled with an active, ag- 
gressive follow-thru program after 
the basic training phase was com- 
pleted. 

Safety is a process—not a product. 
Therefore, it requires continuous ef- 
fort with a solid, comprehensive 
working program including: 

® Objective, standardized, individ- 
ual injury investigations and report- 
ing by the foreman. 

® Monthly analysis and measure- 
ments. 


© Procedure for regular inspections 
and recommendations. 

® Safety Committee action. 

® Periodic formal safety courses for 
all supervision. 

® Special campaigns, contests, and 
awards, 

® Mass education to maintain in- 
terest and provide non-financial in- 
centives, 


This training course is not a pan- 
acea or magic cure-all remedy but it 
is a keystone for the revitalization of 


a safety program. ## 
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A handy, standardized 

way to index magazine 
articles, books and company 
reports has been proposed 
by AIChE’s Standards 
Committee. In this article 
you Il learn the whys 

and wherefores of 


retrieving information 


Be sure to try these... 
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FIGURE 1—One set of indexing information (top card) correlates in this example 
with three “term cards” (or “keyword” cards), 


New Information Retrieval Standards 


Rollin Morse, £. |. duPont de Nemours & Co. 


Wilmington, Del. 


Eugene Wall, Documentation Incorporated 


Washington, D. C. 


Relief is in sight, from the grow- 
ing burden of finding the state of 
the art on your technical problem. 
Beginning next month, all AIChE 
publications and PETROLEUM RE- 
FINER will cooperatively supply 
“keywords” for easy indexing and 
retrieval of engineering information 
that has permanent value. Planned 
for readers in both small and large 
organizations, this “concept coordina- 
tion” system will make it easy to file 


May 1961—PetTROLEUM REFINER 


references to articles of future in- 
terest. And, you will be able to find 
them again when wanted. 

Two years ago the principles of 
concept coordination for easy index- 
ing and reliable retrieval were out- 
lined in “More Information Through 
Documentation” by T. W. Schwartz, 
PETROLEUM REFINER, June 1959. 

Now, the principles of concept- 
coordination indexing have been de- 
veloped into an attractive system for 


chemical engineers. The AIChE sub- 
committee endorsing the system is 
composed of practicing engineers 
with an interest in and knowledge of 
information retrieval. Assisting were 
editors of several chemical engineer- 
ing magazines, including PETROLEUM 
Reriner. After two years of studying 
present ways to aid information re- 
trieval, the committee has combined 
what it feels are the best features 
into a standard system. It hopes this 
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FIGURE 2—Diagramed above dotted line is what magazines will do in fitting 
retrieval system to reader’s needs. Between dottod lines shows how reader puts 
magazine’s indexing information into own system. Below dotted line reveals how 
indexer uses his information to get a coordination (or “hit’’). 


method will be accepted by publishers 


broadly. 


PRINCIPLES OF RETRIEVAL 

The system is based on the princi- 
ple of supplying indexing information 
along with each magazine article. 
Thus, all readers can readily trans- 
fer these data to their own index 
systems. This will save the time each 
subscriber would have spent doing 
his own indexing. 


How It Works. The ambitious 
AIChE plan for easy indexing con- 
sists of: 


1. Providing for inexpensive sale to 
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authors and other interested en- 
gineers a “keyword” thesaurus of 
chemical engineering terms. This 
will be used for both indexing and 
retrieving information, as ex- 
plained below. 


Requiring the author of each 
article to provide a list of terms 
(preferably chosen from the the- 
saurus) descriptive of his article’s 
subject matter. 


Indexing the article more 
thoroughly (i.e., using the the- 
saurus to provide more index 
terms—from 10 to 25 for each 
article). Technically qualified edi- 


torial personnel employed by the 
publisher will do this work, group- 
ing the final set of terms into sub- 
sets. Each subset describes “tele- 
graphically” a complete idea 
(called a “link”). Finally, ap- 
pended to each term will be an 
indicator of the role it plays in 
the subset (e.g., raw material, 
product, etc.) 


Rearranging all terms and role 
indicators by subset, thus provid- 
viding an indicative abstract. 


Printing the indicative abstract, 
plus other standard bibliographic 
information, along with the ar- 
ticle. The form will be suitable 
for reproduction or mounting on 
3x5 cards. 


Updating and reprinting the the- 
saurus at periodic intervals, so 
that it gives “new” terms and up- 
dates (a) synonymous relation- 
ships among terms, and (b) higher 
and lower generic relationships 
among terms, and (c) other rela- 
tionships among terms. 


The engineer can clip or photo- 
copy indexing keywords and biblio- 
graphical reference from the maga- 
zine. They can then be filed—one 
card per article—in his classification 


file. 


Pigeonholing. Probably, he will find 
that almost every article belongs in 
more than one of his classification 
“pigeon-holes.” In these cases, he can 
reproduce the number of abstract 
cards needed and multi-file 
Or—better—he can 
among the many indexing terms pro- 


them. 
choose from 


vided for him those (and only those) 
in which he is particularly interested. 


He can then enter an identifying 
number for the article on each of the 
several cards standing for the perti- 
nent terms. (For example, there may 
be one card for “Esterification’”, one 
for “Interferometers”, one for “Poly- 
mers”, one for “Tank Cars”, etc.). 


For reference, the term cards ap- 
plying to a given question can be 
taken from the file and matching 
article numbers noted to list pertinent 
articles. Thesaurus can be used for 
extending the terminological scope of 
the search. 
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Setting Up a System. For small or- 
ganizations, a small information cen- 
ter could be set up to encode all or a 
selected number of each article’s in- 
dexing terms. These could be put 
into one of several punched card 
forms. For small article collections 
(5,000 to 50,000) conventional sorters 
or collators may be used to mech- 
anize searching of the punched card 
file. Again, the thesaurus can be used 
in phrasing more complete inquiries. 


Large information centers will wish 
to translate into some machine lan- 
guage all indexing terms provided 
for each article (plus their role indi- 
cators and subset numbers). They 
will also want to search the index 
with computers or equivalent equip- 
ment (having first employed the the- 
saurus to develop the search program 
for each inquiry). 


In short, the AIChE system is flex- 
ible in its application to any environ- 
mental situation—personal or organ- 


izational, technologically narrow or 
broad. 


Term-Card Indexing. Ideas used in 
term-card indexing are almost the 
same as those described in the 
Schwartz article and illustrated here 
in Figure 1. This Figure shows the 
combination of one set of indexing 
information and three of the several- 
term cards (also called keyword 
cards) the subscriber would use in 
his index system. 


This indexing information has been 
transferred to a “catalog” card. It 
contains all keywords and the ab- 
stract (if there is one) with the ar- 
ticle, the bibliographic reference, and 
space for the subscriber’s accession 
number. The subscriber then adds 
the accession number to as many of 
his term cards as he wishes, using 
terms found on the catalog card. 


This sample catalog card contains 
two groups of terms, the first group 
after numeral 1, and the second 
group after numeral 2. These are the 
terms linked together in meaning, in 
the original article. To convey this 
linking to the corresponding term 
cards, he has used the link number 
1 as a decimal to his accession num- 
ber 1968. It shows on the term cards 
as 1968.1. Suppose two term cards 
had different decimal numbers on 
the same accession number. This 
would mean their two concepts were 
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Editor’s Note: Starting in 
June, PETROLEUM REFINER 
will add keywords for indexing 
at the end of each feature ar- 
ticle. Most readers will find that 
the selection of keywords can 
vary quite a bit among index- 
ers; and though the words se- 
lected by PR editors may be 
too detailed for some and too 
brief for others, the essential 
words will be useful. 











not closely related in the original 
article. So, the searcher would look 
further for his coordination of con- 
cepts. 

The term-card can be purchased 
through local printers to fit almost 
any file system. Most commonly used 
is the 3x5-inch card. The catalog 
card can be made by photocopying 
or pasting onto a size convenient to 
the user. However, the magazines 
will design their format so the com- 
monplace 3x5 card can be used. 


Code Designation. The letters show- 
ing after the keywords on the catalog 
card, and also on the term card, are 
“role indicators.” They are a code des- 
ignation of the way the keyword was 
used in the original article. The role 
F on the word “additive”, for ex- 
ample, shows an additive was an 
independent variable in all work 
covered by the articles posted on that 
card. The role H on the word “test” 
is an indication that a test—or the 
process of testing—was a principle 
subject on the particular articles 
posted on that term card. 

Role indicators will be fully defined 
in introductory pages of the AIChE 
Thesaurus. 


The Magazine’s Job. To clarify fur- 


ther how new information appearing 
in the magazines will fit subscriber’s 
needs, see Figure 2. It is divided into 
three areas. 


The top area shows what magazines 
will do. The second area shows what 
subscribers may do to insert the mag- 
azine’s indexing information into their 


system. The third area shows how the 
subscriber, when he is searching for 
information, uses his index to get a 
coordination or “hit.” Such a “hit” 
leads him back to the magazine ar- 
ticles answering his question. 


The Thesaurus. The Thesaurus will 
be a book of 7,000 or 8,000 chemical 
engineering terms together with many 
synonyms, many commonly associated 
words, and the appropriate indications 
of higher and lower classes of asso- 
ciated words (the “generic relation- 
ships,” in terms of the documentalist) . 
This inexpensive book will be avail- 
able in June. It should be an aid not 
only in information retrieval, but also 
in day-to-day writing of reports and 
magazine articles. It is a book every 
engineer should have along with his 
dictionary and Roget’s Thesaurus. 


Begin Filing Now. As indexing in- 
formation begins to appear in the 
engineering magazines, readers are 
urged to start at once setting up their 
files. Those who have not used con- 
cept coordination in the past should 
give them a try. This will show first- 
hand how easy the techniques are. 


At the outset, readers will find the 
number of term cards in their file 
growing rapidly as new articles are 
added to the index. But shortly the 
growth rate will begin to taper off as 
additional articles are found contain- 
ing many words already in the term- 
card collection. This is why the 
thesaurus has only 7,000 to 8,000 
words. These were accumulated over 
a 10-year period from chemical engi- 
neering reports of Du Pont’s Engineer- 
ing Department. Du Pont has donated 
its own Thesaurus as the basis for the 
AIChE verson. 


The chemical engineering terms, 
excluding names of materials, is ex- 
pected to grow beyond the present 
thesaurus at a rate which is in the 
slow part of a logarithmic curve. The 
chemical names of materials, however, 
will grow endlessly and at a higher 
rate. 

The present thesaurus has few 
chemical names. And, future revisions 
will likely contain even fewer because 
of a book of chemical names ACS 
is developing for publication. ++ 
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Are You Using the ‘Status’ Factor? 


A. J. Sindler 
E. |. du Pont de Nemours & Co., Wilmington, Del. 


One of the basic human drives is that for self-recogni- 
tion and the esteem of others. Here are nine ways super- 
visors can capitalize on these drives to the betterment of 
human relations in their companies and departments. 


1. Praise Subordinates. Spread it around wherever 
and whenever deserved. Put it in writing when particularly 
well-deserved. Don’t be afraid to say, “I’m proud of you, 
because .. .” 

Reprove or rebuke, when called for, but keep criticisms 
free of sarcasm, vilification, contempt, or derisive laugh- 
ter. And, most important, do your “chewing out” in 
privacy. One of the fastest ways to destroy an employe’s 
self esteem is to expose his “faults” before others. Often- 
used praise and tactful censure tell your people how they 
are doing. 


2. Help Qualified Men Gain Professional Recogni- 
tion. Encourage your people to publish articles, present 
papers and talks, obtain patents, and pursue other such 
“professional” activities. Ask journals to request papers by 
your people when you have a worthy subject and author. 

Encourage continued study for personal and profes- 
sional development. Encourage contacts and consultations 
with prominent men in the field. Make it easy to join 
professional societies and serve on committees. 

Promote opportunities to talk with management and 
serve as a group (or company) representative outside the 
organization. These avenues lead ambitious, capable per- 
sons to a sense of professionalism. 


3. Publicize Civic and Professional Activities of 
Personnel. Seek publicity in technical and trade journals, 
company and department publications, newspapers, bulle- 
tin boards, etc. Keep the group or section informed of 
fellow-workers’ contributions. Publicity shows people their 
efforts are recognized and appreciated. 


4. “Sell’’ Your Men to Management. You are the 
channel through which subordinates should gain deserved 
recognition. Tell your men when recognition is being 
passed up the line. Relay management’s comments on 
section or individual performance down-the-line when 
permissible. Relay comments when they affect your people. 

Good communication encourages greater activity 
through knowledge that recognition will follow. 


5. Be Available for Conference and Personal Con- 
sultation. Set aside a daily period for this. Learn about 
the ideals, plans, hopes, fears, and frustrations of your 
men by listening to them. Look at their point of view to 
better understand their difficulties and appreciate their 
proposals. 

Permit two-way criticisms—you may learn something. 
Give your subordinates enough information about men 
working with or reporting to them to help establish work- 
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ing rapport. By showing them you want to help them, 
they will find it hard to resist wanting to help you. 


6. Be Specific in Work Assignments—Diligent in 
Followup. Introduce the “Big Picture” to relate the as- 
signment to the complete job. 

Couple your work assignments with a priority rating 
of your own. Assign only what you feel is important and 
justifiable, and allot a reasonable time for completion. 
Be specific as to how thoroughly you want the assignment 
done. Get direct commitments in response to your assign- 
ments. Keep your people posted on developments and 
changes in plans and policies. 

Keep a tickler file for reviewing assigned work, and 
follow-up often enough for the circumstances. 

Clear work assignments avoid wasted effort and frus- 
tration of the “I thought you meant. . .” work tangent. 


7.Encourage People to Submit Novel Ideas. Pub- 
licize these ideas with appropriate credit to stimulate 
creativity. Then be sure these ideas are fairly evaluated. 
Application of the innovators’ idea brings him satisfaction 
and further stimulus. 


8. Use the Status Drive. Take advantage of the high 
returns on such low cost investments as well-worded titles, 
small office conveniences, distinctive office appointments 
and exemption from petty restrictions. Abolish “junior” 
or “assistant” as title prefixes and use such terms as “vice” 
or “deputy.” 

Supply meritorious personnel with extension telephones, 
nameplates on doors (possibly with titles), extra office 
chairs or access to restricted conference rooms for private 
consultations. Provide them with good desk accessories 
such as “executive” appointment diary or desk calendar, 
multi-tiered in-basket, book ends, personalized copies of 
reference manuals, etc. 

Permit subordinates to follow management’s practice 
of hanging framed certificates, diplomas, etc., in the 
office. Pattern office furnishings of privileged subordi- 
nates after those of management, at least by style or color. 
Excuse responsible subordinates from getting approval 
for petty expenditures, punching the time clock, justify- 
ing personal requests for vacation schedule changes, or 
taking a few hours off. 


9. Be a Considerate Taskmaster. Permit your men 
complete responsibility within a well-defined area of free- 
dom. Exercise as few restraints as practical, even when 
outside their area of freedom. Provide the “free” time 
your people need to keep informed about developments 
in their interest area. 

Focus attention on what is most important—not just 
what you are most familiar with. Influence by persuasion 
rather than decree wherever the decision should be made 
by subordinates. Use an errand boy for errand boy func- 
tions. Last of all, but perhaps most important, be a model 
for the kind of conduct you expect from management. 
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REACTOR... 
WITH A SILVER LINING 


The Nooter welder pictured here is lining a 
reactor with a 1/16” thick pure silver sleeve... 
an excellent example of Nooter’s specialty of 
fabricating all types of pure metals, alloys and 
clad materials. 


In addition to a regular flow of steel vessels 
through the Nooter shops, the Nooter Alloy 
Department is constantly fabricating and de- 
veloping new welding techniques involving 
all weldable materials, including stainless, 
nickel, aluminum, their alloys and clads, and 
silver, gold, Hastelloy, titanium, tantalum, 
zirconium and zircaloy-2. 


Nooter customers benefit from the skill and 
experience of metal craftsmen who specialize 








in tough fabrication assignments. Whatever 
your tank or processing vessel needs, Nooter 
can produce it to your complete satisfaction. 
Why not put this ability to work for you? 


For the latest Nooter publication, write for 
Bulletin 100, “Titanium Facts”. 


NOOTER 
CORPORATION 


“Since 1896” NOTER! 


Steel and Alloy Plate Fabricators and Erectors . . .“*Boilermakers” 


1404 SOUTH THIRD STREET @ ST. LOUIS 66, MISSOURI 


For more data on advertised products, use Readers’ Service Cards, last page. 





Ammonia: Tonic for Tired Earth . 








For more data on advertised products, use Readers’ Service Cards, last page. PETROLEUM REFINER—V ol 
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—and for Petrochemical Profits 


KELLOGG’S IMPROVED AMMONIA PROCESS NOW 


-~ 


OFFERS MOST ECONOMIC AND EFFICIENT 


UTILIZATION OF LOW-COST RAW MATERIAI 


The increasing need for inexpensive yet effective fertilizers throughout the 
world, combined with recent improvements in Kellogg’s steam-methane 
reforming process, make the production of ammonia from low-cost 
hydrocarbon sources more attractive today than ever before. 

Production efficiency and economics of Kellogg-designed ammonia 
plants have been vastly improved. Plants built by Kellogg cost less to 
install and operate. Feedstock range is wider and includes not only 
natural gas or cracked refinery gas, but reformer off-gas, propane-butane 
fractions, casinghead gasoline—even naphtha, under certain circumstances, 

In gas preparation, Kellogg can design for any combination of waste 
heat recovery, and can achieve steam balance in the plant if desired. 

High pressure and low pressure feed can be used as economics dictate. 
In gas purification, Kellogg offers the optimum combination of methods 
to accomplish each step—including MEA and hot carbonate to remove 
CO, and copper liquor and methanation to remove CO. 

For detailed description and eco- 
nomic data on Kellogg’s steam reform- KELLOGG’S AMMONIA PLANT EXPERIENCE 





ing ammonia process, write for new Sterlington, Louisiana 
Lake Charles, Louisiana 


brochure. 


THE M. W. KELLOGG COMPANY 
711 Third Avenue, New York 


A subsidiary of Pullman Incorporated Jopli Mi i 
n ssour 
Offices of other Kellogg companies — 4 
are in Toronto, London, Paris, Lisbon, Portugal 
Rio de Janeiro, Caracas, Buenos Aires Cherokee, Alabama 


*Future 
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A European 
Looks at 
U.S. Oil Policy 


This noted British 
petroleum economist 
thinks the world’s oil 
problems are serious 

enough for industry 
“summit” type conferences 
on an international 


level. Here's why! 


Dr. Georg Tugendhat 
Consulting Economist 
Essex, England 


As Manazement Sees it... 





OIL POLICIES of the United 
States are now a major factor in 
world affairs. Oil prices and imports 
of foreign oils have long played an 
important role in U.S. domestic pol- 
itics, although their impact upon the 
international stage is relatively re- 
cent. 

The level of domestic oil prices in 
the United States exercises a major 
political pull in the producer coun- 
tries. These nations feel they are en- 
titled to the same returns as the 
American producer. The U.S. em- 
bargo upon crude and residual oil im- 
ports has severely reduced markets 
of the old established oil countries 
in the Middle East and Venezuela. 

The new Administration’s attitude 
toward the rising tide of Russian ex- 
ports will be one of the most impor- 
tant elements in shaping Free World 
policies toward the USSR and of 
many free countries toward the 
United States. 


End Use Question. To consumer 
countries of the Free World the main- 
tenance of any price structure linking 
world oil prices to those in the United 
States represents a real hardship. 
This is because of the difference in 
the end use of oil products in the 
United States, and the industrial 
countries of Europe and the rest of 
the Free World. These nations want 
cheap energy, and compare the prices 
they now pay for coal and industrial 
fuels with those paid by their Ameri- 
can competitors. 

American industry satisfies most of 
its industrial fuel requirements with 
coal and natural gas. Fuel oils out- 
side domestic heating play a minor 
part. The average pit-head price for 
American coal is $4.50. In contrast, 
European coals cost up to three times 
more. 

Industrial consumers pay 16-40 
cents for one million Btu’s of natural- 
gas equivalent. Gas prices in Europe 
(which are still mainly based on coal) 
are about six times higher. Only fuel- 
oil prices are now approaching Amer- 
ican parities in many countries. 

U.S. crude oil is chiefly used as 
raw material for high-octane gaso- 
lines. This gasoline constitutes 45 per- 
cent of the refinery output. Only 20 
percent goes into fuel oils. By contrast, 
the demand for industrial fuel oils in 
the Eastern Hemisphere is 40 per- 


cent of the market. Gasoline output 
per ton of crude equals 20 percent. 

Only in very few countries, partic- 
ularly those maintaining high gaso- 
line taxes, has the demand for high 
octane numbers followed U.S. devel- 
opments. Engines of the small Eu- 
ropean cars are not even designed for 
high octane fuels. Indeed, European 
designers are trying to get away from 
the internal combustion engine. Their 
ultimate aim is to provide a car which 
will run on almost any kind of fuel. 


Foreign Exchange. As to the less 
developed countries, the foreign ex- 
change cost of imported fuels deter- 
mines the size of a market where the 
potential demand is practically un- 
limited. Therefore, pressure to reduce 
industrial costs and foreign exchange 
burdens everywhere is heavy and 
steadily rising. 

The old established crude-oil pro- 
ducers in the Middle East and Vene- 
zuela thus find themselves under at- 
tack from two sides. Their crude oil 
prices (which are still orientated to 
gasoline) represents a growing anach- 
ronism in markets mainly interested 
in industrial and domestic fuel oils. 
And this comes at a time when the in- 
dustry’s surplus capacity for liquid 
products is still increasing, and when 
natural gas threatens to become a 
new competitor. 

The Middle East and Venezuela 
also know that from now on their 
outlets will be further reduced by the 
rise of nationally owned oil compan- 
ies, whose output is rapidly increas- 
ing, and by the new low-cost oil fields 
in Libya, Iran, etc. 

During 1960 oil production in the 
franc zone amounted to nearly 30 
percent of France’s domestic con- 
sumption. It is expected that by 1965 
France will be wholly self-sufficient 
and probably even become an ex- 
porter of hydrocarbon fuels. 


What About Imports? For the last 
27 years the case for and against oil 
imports has been debated in the U.S. 
Pretty well everything that can be 
said about this subject from the view 
of the domestic producer, the future 
of the American oil industry, the im- 
pact upon world trade, and U.S. de- 
fense, has been said by now. 

The same arguments are also being 
used in Europe and elsewhere to de- 
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fend the new nationalistic oil policies 
and restrictions upon importing for- 
eign crudes. As in America, the case 
for defense now carries the greatest 
weight, especially in France. Only the 
United Kingdom is still prepared to 
rely for oil supplies upon its tradi- 
tional sources. 

Within the British Commonwealth, 
Nigeria, Ghana and Australia are 
working hard to discover native 
sources of oil. It is inconceivable that 
any country which sees any chance of 
making itself master of its energy 
sources will not do so. Defense and 
self-sufficiency are everywhere a mat- 
ter of first consideration. Thus they 
are not very susceptible to business 
reasoning. 


Cost Is Key Factor. There is also 
little chance that any of these coun- 
tries will discontinue their policy of 
reducing energy costs as far as possi- 
ble. Indeed—price is the chief cause 
which has led to a fivefold increase in 
Russian oil imports into Italy since 
1958. This represents 25 percent of 
Russia’s exports to Western Europe, 
totaling about 18 million tons in 
1960. By the end of 1961 Germany 
will have increased its Russian pur- 
chases (mainly of crude) to 2,500,000 
tons. This is double the amount for 
1959. 

Few, if any, independent refineries 
(whether privately or government 
owned) which do not form part of 
an integrated oil company can exist 
at today’s delivered prices for Middle 
East and Venezuelan crudes. For 
them, Russian oils are currently the 
only alternative. 

In the U.S. the mention of Russian 
oil arouses passionate feelings. Most 
Americans feel the appearance of in- 
expensive Russian oils on the world 
market is a means to create dissension 
and undermine Free World econom- 
ics. These feelings are also shared by 
many senior executives of the Brit- 
ish and Anglo/Dutch oil companies. 
They have not forgotten the expro- 
priation of their properties in Russia. 
They also remember with little pleas- 
ure the Russian incursions upon the 
British and Western European mar- 
kets in the middle twenties. 

Most Europeans are hostile to Com- 
munism, but their attitude to trading 
with Russia has undergone far reach- 
ing changes during the last few years. 
There is plenty of evidence that their 
wish to do business with the Soviets 
is steadily increasing. 
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As to oil, there is a strong feeling 
the prices for Middle East products 
should have been reduced long 
ago. In Africa, Asia and other coun- 
tries, the appearance of Russian oils 
is usually welcomed as a way to lessen 
dependence upon major international 
oil companies. 

Within a year or two the big Rus- 
sian pipelines to the Baltic, Central 
Germany (East Germany) to the Aus- 
trian frontier on the Danube and to 
the Pacific will be completed. Rus- 
sian exports may then exceed one 
million bpd. The problem of dealing 
with offers from behind the Iron Cur- 
tain will then have to be faced in 
earnest. 

If relations between East and West 
should become more friendly, it will 
not be possible to exclude Russian 
oils. But even if the present “cold 
war” state of affairs should continue, 
it is hard to imagine that many Eu- 
ropean, let alone African, Asian, and 
some of the South American coun- 
tries, will be able to force a total em- 
bargo for Russian oil upon their 
people. 


Libya Looms Big. But the threat to 
oil prices outside the United States 
will not only come from Russia and 
the Sahara. Within a very short time 
Libyan oil will reach Mediterranean 
ports. This country is said to be 
among the cheapest producers of 
crude oil in the world. A large part 
of oil concessions there are held by 
American and European independ- 
ents. 

Some of the U.S. firms, like Con- 
oco, Pan-American, Ohio Oil, Am- 
erada, Paul Getty, and others, have 
no established market outlets in Eu- 
rope or elsewhere. Some have ac- 
quired oil refineries in Italy and begun 
buying up distribution businesses. 
Backed by cheap oil, they can force 
an entry into markets. 

Furthermore, most of them have 
no prior commitments in other crude- 
oil producing countries. Thus, they 
will be free to shape their policies 
without having to pay attention to 
other engagements. Their presence 
further complicates an already com- 
plex situation. 

Under free-market conditions eco- 
nomic forces would in time determine 
prices and the position of each sup- 
plier in the market. But given today’s 
conditions, the opening of American 
frontiers to foreign oil, an act which 
would provide at one stroke a big 


outlet for the world’s surplus produc- 
tion, does not appear politically ex- 
pedient. This also means a change in 
American energy prices is not in sight. 
The abandonment of present Euro- 
pean energy policies must also be ex- 


cluded. 


Prices and Production. But all at- 
tempts to maintain prices will at one 
and the same time attract new pro- 
duction. This will prolong the prob- 
lem of surplus production of oil and 
natural gas in the Eastern Hemi- 
sphere. So, the outlook for the old 
established producers is dim as far as 
their traditional markets are con- 
cerned. 

But there exists huge outlets in the 
populous areas of India and Africa. 
There should also be scope for devel- 
oping industries (particularly in the 
chemical field) based upon availabil- 
ity of cheap sources of supplies at 
their doorsteps. 

The supplies of industrial fuel oils 
at prices more truly corresponding to 
actual market values than those based 
up6n the fictitious Gulf price struc- 
ture would also greatly help indus- 
trialization. After all, heavy industry 
ultimately depends upon availability 
of cheap power. Kerosine and indus- 
trial fuel oil loans to the under de- 
veloped countries might solve many 
problems. 


Field for Cooperation. Here then 
is an enormous field for fruitful co- 
operation between the United States 
and the European countries. It would 
open up new markets for Middle East 
and Venezuelan oils which would not 
cause new problems for American 
and European oil and coal producers. 

It would enable oil producing coun- 
tries to maintain—perhaps even in- 
crease—their oil revenues. And, it is 
these and not prices in which they 
are ultimately interested. It is also a 
field where the United States has ev- 
ery right to insist that its partners in 
the Western defense play their full 
role. 

In the past there has been little if 
any coordination between the aims 
and objectives of the national fuel 
policies and those of crude oil pro- 
ducers, in the U.S., the countries of 
the European Economic Community, 
and the U.K. This has led to develop- 
ment of policies in many ways con- 
tradictory. 

Most of them have neglected the 
interests of consumer countries in the 
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Sealed for 8'2 years 
of almost continuous 
operation! 


Maintenance required 
—NONE! 


Pumping gasoline stabilizer at a tempera- 

ture of 320°F, and pressure of 300 psig, 

the Bel Oil Company, Elton, Louisiana, has chalked up a record of 82 years 
of almost continuous, day and night service—without any kind of mainte- 
nance on this Type U Borg-Warner Mechanical Seal. 

When finally taken down after this record run, only the gaskets and seal 
faces were replaced, and the old faces were re-lapped and returned for use 
as spares. 

This amazing performance is not unusual for Borg-Warner Mechanical 
Seals. Users in all industries and for all applications report new reliability 
records. 


Write for complete engineering information, no obligation, of course! 


Borg-Warner 
Mechanical Seals 


DIVISION OF BORG-WARNER CORPORATION 
P.O. Box 2017, Terminal Annex, Los Angeles 54, California 


For more data on adyertised products, use Readers’ Service Cards, last page. 


less-developed areas of the world. 
This state of affairs exists largely be- 
cause the various groups have been 
far too self concerned. They are not 
aware of the problems existing else- 
where and of the depth of feeling they 
arouse. 

European View. Most Europeans 
cannot understand why the United 
States, with its great industrial effi- 
ciency, is prepared to support a pol- 
icy of rising crude oil prices and a 
production structure which works 
against large-scale enterprise in oil 
production and therefore against a 
lowering of U.S. prices. 

Americans feel strongly about 
cheap oils coming from the Middle 
East, Russia and elsewhere. They still 
look upon them especially those ema- 
nating from the latter, as a devilish 
device to break down their own prices 
and cause dissension in the Free 
World. 

The producer States feel frustrated 
by the closing down of their markets. 
Not only the United States, but even 
more so its Allies, are worried about 
their big dependence upon Middle 
Eastern oil. It would be foolish to be- 
lieve there is a possibility of solving 
all these problems to everyone’s sat- 
isfaction. 

International conferences rarely 
achieve their objectives, but now the 
time has surely come to tackle all these 
questions on an international level 
through appropriate channels§5 ++ 








About the Author 
Dr. Georg Tugendhat, born in 


Vienna in 1898, has lived in 
Britain since 1921. He has worked 
in diplomatic service, banking, and 
as a writer on economic problems. 
Dr. Tugendhat entered the oil in- 
dustry in 1935 and together with 
the late Dr. Franz Kind was 
founder and managing director of 
Manchester Oil Refining, Ltd., 
and later of Petrochemicals, Ltd., 
and Petrocarbon, Ltd. He has an 
M.S. degree in economics from 
the University of London, and is 
an Honorary Fellow of the Lon- 
don School of Economics and 
Political Science. Dr. ‘Tugendhat 
has an extensive knowledge of Eu- 
ropean politics and economic mat- 
ters. He now devotes his time to 
consulting and writing, having con- 
tributed to The Times, London, 
The Guardian, The Economist, and 
various petroleum _ publications, 
both in Britain and Continental 
Europe. He has lectured at Har- 
vard University on international oil 
problems and has an article in the 
October 1960 issue of Fortune. 
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»=».to your order 


Debutinizers, exchangers, fractionating towers, 
pressure vessels or intricate processing 
equipment—you name it; we’ll build it—to 
your requirements with exact precision. The 
size or shape is limited only by the customer’s 
desire. Delivery on schedule is no problem 

by rail or water from our tidewater plant. 


For forty years engineering leaders in the oil 
refining and chemical industries have been 
calling upon Sun Ship for important 
components for the building of large plants. 


Let Sun Ship help solve your machine and 
equipment problem. Phone or write our 
Sales Engineering Department. 


















































SHIPBUILDING &@ DRY DOCK COMPANY 


ON THE DELAWARE « SINCE 1916 + CHESTER, PA. 
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\Ni ONE-COTE CEMENT 


fnl ONE-COTE 
y] CEMENT 


Right 5 BAGS OF ONE-COTE WILL COVER 
AS MUCH AREA AS 6 BAGS OF ORDINARY 
INSULATING - FINISHING CEMENT! 


Eagle-Picher ONE-COTE goes on in one For outdoor installations, Eagle-Picher 
single coat to the desired thickness . . . does One-Cote is quick-setting, withstands rain 
three jobs—all in one quick and easy appli- and moisture two hours after application. 
cation... insulates... protects... finishes. Contains a special rust-inhibitor to prevent 
Saves time, work and money! Effective for rust. When used indoors, One-Cote requires 
temperatures up to 1000 F. no wire mesh or finishing treatment! 


Eagle-Picher produces a line of industrial insulations for all temperatures 
from below zero to over 2000 F. See our complete catalog 
in Sweet’s Plant Engineering File or write for descriptive material. 


rm EAGLE-PICHER 


Since 1843 t The Eagle-Picher Company e General Offices 
Dept. PR-561 e Cincinnati 1, Ohio 
PICHER Member of National Insulation Manufacturers Association 


For more data on advertised products, use Readers’ Service Cards, last page PETROLEUM REFINER—V ol. 40, No. 5 

















No. 1. Can You Discipline for Slowdown ? 


A six-man crew was reassigned to other work. They 
didn’t like the change, and production steadily decreased 
until they produced only 67 percent of the minimum 
expected. The foreman called in the men individually 
to give them a chance to explain. They said: “the fit 
of the parts is sloppy’—“incentive rate is too low’— 
“bolts should be longer’”—etc. The foreman tested the 
materials and found them good. 

The men were then warned that further refusal to in- 
crease production would bring disciplinary action. The 
next day production fell again. Management issued a 
written warning, but in the next ten days production 
hit a low 41 percent of normal. After getting a five-day 
disciplinary layoff, the men protested, as follows: 

1. The production decrease resulted from the change 
in method of operations made by management. 
There was no “intentional slowdown.” 

No crew ever made the rate set by management— 
and the company never tried to change the rate. 
We gave reasons for the low production, that is— 
misfit of parts, etc. 

This is the first time workers have been disciplined 
for not meeting a proposed rate. 

The company came back with the following charges: 
1. The operation is simple, requiring only one hour of 

familiarization. 

It has been studied, and results showed there should 

have been a big production increase. 

No grievance had ever been filed as to the rate. 
The group was guilty of a “slowdown” because in- 
experienced crews had produced much more. 

The progressive decrease in production after each 
warning shows it was intentional. 

Test Yourself: 

Right [J 


Was the company: Wrong [J 


No. 2. Must You Promote II] Employe ? 


Management appointed Harris to be Leadman for 
two weeks while the foreman was gone. Holt, who had 
three days more seniority than Harris, claimed he should 
have been appointed. He asked for two weeks of Lead- 
man’s pay. 

The company denied his claim, arguing: 

1. Holt had a heart attack and his work capacity has 
been limited by the Medical Department. 

2. Leadman’s job required work beyond Holt’s physical 
capabilities. 

Holt replied: 

1. The agreement says that “where ability, skill and 
efficiency are equal, preference shall be given to the 
most senior qualified employe.” 
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Test Yourself on 
Labor Relations 


2. I am senior to Harris—and the company didn’t 
question my “ability, skill and efficiency.” 

3. Only rarely must the Leadman do things which 
would strain my capabilities. 

4. Some supervisors have had heart attacks. Should 
the company expect more of a Leadman than it 
does of a foreman? 

Test Yourself: 

Was Holt: 


Right [J Wrong [] 


No. 3. Fired for Fighting With Boss 


Herbst, a union steward, had been feuding with his 
supervisor for some time, resulting in several incidents. 
John had been disciplined for several infractions. He 
said the boss was picking on him—since other workers 
committing similar infractions were not disciplined. 
One day John heard his foreman was urging employes 
to leave the union. John was overheard saying he was 
“going to get that —————.” That night the two 
happened to meet downtown, and had a violent argu- 
ment. 

The next night the foreman ran into John at a park- 
ing lot. The employe started a fight and got a bloody 
nose. When he returned to work, he was told he had 
been fired for fighting with his foreman. John said 
the discharge was unfair because: 

1. The discharge was part of the supervisor’s discrimi- 
nation against him for union activities. 

2. He had been hurt when the supervisor kicked him— 
and the company did not discipline the supervisor. 

3. The company cannot discipline him for activities 
after work and away from the company. 

Test Yourself: 


Was John: 


Right [J Wrong [] 


Answers on Next Page 





A MOTOR IS A SERIES OF CIRCLES 


Checking bracket rabbet of an Elliott C-W Motor 


The smooth, quiet, cool operation of Elliott Crocker-Wheeler motors is 
a direct result of the accuracy and concentricity of the “‘circles’”’ that are 
its most important dimensions. Some of these circles are identified in 


the drawing below. 


The bracket rabbet is a reference for bearing bore and shaft bore. 


Through matching jigs, the rabbets 
and bores of the stator are made 
accurately concentric with the 
bracket. Thus, when the motor is 
assembled, the series of concentric 
circles has been accurately estab- 
lished. With all parts in alignment, 
there is no preloading of bearings, 
air gap is uniform, noise is mini- 
mized, heat transfer expedited, 
smooth, trouble-free operation 
assured. 

The highly-perfected, precision 
manufacturing processes by which 
Elliott achieves this vital concen- 
tricity are described by a booklet, 
The Fine Art of Building Better 
Motors. We will be happy to send 
you a copy. Contact nearest 
Elliott office, or write Crocker- 
Wheeler Division, Elliott Com- 
pany, Jeannette, Pa. 


BRACKET-TO-FRAME RABBET 
/ pone FRAME 1.D 
STATOR CORE DIA 


ROTOR DIA 
BEARING 0.0 
JOURNAL DIA 


\\ 


Precise fit and concentricity of brackets to 
frame, frame to core, shaft to rotor and 
bearings, and bearings to brackets gives 
Elliott C-W Motors long life, trouble- 
free operation. 


Elliott Crocker-Wheeler integral-hp a-c and d-c motors—from smallest 
to largest—are offered in all conventional enclosures and modifica- 


tions; with insulation to suit the application, including 


GED the 


epoxy insulation used where conditions are very severe. wa 


ELLIOTT COMPANY 


GENERAL OFFICES: JEANNETTE, PENNSYLVANIA 
PLANTS AT: Jeannette and Ridgway, Pa.; Springfield, Ohio 


TURBINES - GENERATORS - MOTORS - COMPRESSORS - TURBOCHARGERS - EJECTORS - STRAINERS - TUBE CLEANERS 


For more data on advertised products, use Readers’ Service Cards, last page. 
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Test Yourself 
(Answers to Quiz on 
Page 275) 


CASE NO. 1 
Arbitrator Vernon L. Stouffer 
ruled: “The evidence showed that the 
crew assigned to the operation during 
the layoff outproduced this regular 
crew. Such evidence shows that the 
workers caused the lowered produc- 
tion. The complaints made as to mis- 
fit of parts or equipment are not given 
much weight. It is apparent, if such 
were the facts, that the other shifts 
would have experienced the same dif- 
ficulties. The grievants purposely re- 
duced their production because of dis- 
satisfactions. To condone their actions 
would be tantamount to ignoring the 
grievance procedure and to sanction 
workers taking matters into their own 
hands. The disciplinary layoff is up- 
held.” 

CASE NO. 2 


Arbitrator Sam Davis Tatum 
ruled: “It is conceded that Mr. Holt 
is well trained and technically skilled. 
Were it not for his physical limita- 
tions, he would have been entitled to 
be appointed Leadman. Does the 
word ‘qualified’ require that an em- 
ploye be physically able to do a job 
assignment—as well as to have the 
training and experience? Yes, it does. 
Physical capacity is as essential as 


| skill. The job description for Leadman 


indicates it would be unwise for one 
having had a heart attack to attempt 
this work. The company was justified 
in passing over Mr. Holt for the Lead- 
man assignment. He is not entitled to 
Leadman’s pay.” 


CASE NO. 3 
Arbitrator Russell A. Smith ruled: 


| “The established principle is that the 


employer has disciplinary authority in 
re altercations by employes off prem- 
ises and after working hours. This 
altercation arose out of a relationship 
in the course of the employement. It 
concerned matters pertaining to em- 
ployment. Even though the supervi- 
sor’s assault was improper, the union 


| has no basis for questioning manage- 


ment’s relations with its supervisors. 
It has no grounds for demanding that 
disciplinary action shall be meted out 

. in the same manner as between 
supervisors and employes represented 
by the union. The discharge of Herbst 
is proper.” 
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Demand for low-cost energy will rise as the world’s population increases 
and living conditions improve. Greater mechanization and industrializa- 
tion will require greater use of energy. For many years to come, oil will 
be the most convenient, the most flexible and the most economic form of 
energy available. — Leo D. Welch, Chairman of the Board 


Standard Oil Company (New Jersey) 


(WHOSE PRINCIPAL U. S. OPERATING AFFILIATE IS HUMBLE OIL & REFINING COMPANY) 
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Fiow to Do It... 





Packaged Cooling Unit Wins 


Over Conventional Wax Cooler 


D. S. Felmly, R. H. Wingate and J. W. Thomas, 


The Standard Oil Company (Ohio), 
Cleveland 


Capital and operating cost 
comparisons show that a 
packaged cooling unit was 
the most economical choice 
for this wax cooler 


To maintain filter feed tanks at a 
minimum temperature level, Sohio’s 
engineers proposed the installation of 
a wax cooler following the stripper 
tower (see Figure 1). 

It was necessary that the cooler be 
designed to reduce wax temperature 
from 220° F to 180° F. Close control 
of outlet temperature was required to 
prevent freezing of the wax and to 
optimize the filter feed-tank tempera- 
ture. 

A cooling unit with a self-contained 
water circuit (packaged system) was 
considered because of the high cost 
of water pumping, piping and sewers 
for the selected cooler location. 

A unique feature in the required 


fim 


Stripper 
Tower 











Wax Chg. 


cooler was that the inlet cooling water 
had to be at an elevated temperature 
to keep the wax from freezing in the 
exchanger. The cost of the heat re- 
quired to supply “once through” warm 
water for the conventional system 
was extremely high. 

In view of the lower capital cost 
and with the heat requirement not 
a necessity for the packaged unit, it 
showed clearly to be the better sys- 
tem. The packaged unit was installed 
in early 1960, and is operating satis- 
factorily with extremely close control 
on. wax temperature. 

This article is intended to demon- 
strate that the judicious use of pack- 
aged units can give appreciable sav- 
ings. In addition, it shows how air 
coolers can be economically employed 
in the cooling of high-freezing-point 
streams. 


Conventional Cooling System. 
(See Figure 2). In view of the in- 
adequacy of the existing cooling 


tower, and corrosion problems at- 
tendant with high-cooling-tower- 
water temperatures, city water was 
selected for consideration on the con- 
ventional cooling system. 

As shown in Figure 2, this system in- 
cludes a sump for city water supply, 
water pump, 100 feet of 3-inch water 
line to the cooler, a six-section, 
double-pipe cooler, and 300 feet of 
4-inch line with the necessary opened 
sump and pump to supply boiler feed 
water to the boiler house. 

Wax temperature control is pro- 
vided by a control valve adjusting the 
flow of 125-pound steam. 

Two sumps and pumps were used 
to provide open connections in the 
city water supply and discharge to 
the boiler feedwater system. The open 
city water supply is a city code re- 
quirement. The sump in the boiler 
feed line was considered necessary to 
prevent any wax leaking into the 
water system from getting into the 
boilers. 


Packaged Cooling System. (Sce 
Figure 3). As shown in Figures 3 and 
4 the water flows through a closed 
circuit. The initial water charge to 
fill the system is all that is required. 
The double-pipe wax cooler is identi- 
cal to that used in the conventional 
system. The air cooler controls the 
water temperature with a_ by-pass 
which is on temperature control. (The 
sensing point being the outlet wax 
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FIGURE 1—The wax cooler was installed after the stripper tower. 
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In this charge pump at Shell Oil Company’s Deer Park, Texas, 12% sulfuric acid — at 3600 rpm. Lab tests indicate Ni-Resist 


refinery, Ni-Resist impellers handle acid-reaction output with 


has 8 times the staying power of cast iron in 2% H.SQO, solution. 


Shell specifies Ni-Resist impellers for 
pumping dilute H,SO, at 3600 rpm 


Shell Oil Company installed two of 
these debutanizer charge pumps at their 
refinery in Deer Park, Texas. The pumps 
handle acid-reaction output, Some of 
this output contains up to 42% sulfuric 
acid. 


Pumping dilute sulfuric at 3600 rpm 
can be highly corrosive, so Shell speci- 
fies Ni-Resist* iron for these impellers. 
Unlike ordinary cast iron, Ni-Resist im- 
pellers withstand the punishing effects 
of dilute H:SO.—while running at fast 
speeds. 


Are acids, alkalis or other corrosives 
eating away at your profits? The 
Ni-Resist irons can add years of life to 
your equipment, lowering replacement 
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costs. Here’s how these nickel alloys 
work for you: 


¢ Ni-Resist irons resist many corrosives 
at high or low velocities, especially 
those encountered in petrochemical 
service. 


Ni-Resist irons resist wear. In many 
corrosive environments, they add 
service life to valves, seals, and 
pumps exposed to metal-to-metal 
wear. 


Ni-Resist irons keep costs down. 


Economically cast into pipes, vessels, 
and other simple or complex shapes, 
Ni-Resist irons are easily machined 
and welded. 


Want more details on how these 
nickel-alloy cast irons may save money 
in your refinery? “Engineering Proper- 
ties and Applications of Ni-Resist,” a 
70-page booklet, is yours for the asking. 


*INCO Trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES CASTINGS PERFORM 


For more data on advertised products, use Readers’ Service Cards, last page. 
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MECHANICAL SIMP 





More and more, industrial leaders are 
looking-to (and buying) Fairbanks Morse 
leadership in Compressor design. Why? 
Because the unique, mechanical simplicity 
of this rotary design combines maximum 
efficiency and reliability with low initial 
cost—low maintenance requirements—min- 
imum operating costs. And skid-mounting 
cuts installation time— puts you on stream 
faster. 


The advanced design of the F-M Axial 
Flow Rotary Compressor features helical- 
shaped rotors for smooth, economical com- 
pression . . . with oil-free delivery, surge- 
free operation on a wide variety of gases. 


F-M Rotary Compressors have no re- 
ciprocating parts, no valves, no metal-to- 
metal contact in the compression chamber. 
Result? Minimum ‘‘down-time’’ expense. 
They save space— produce minimum 
vibration — provide stable performance 
with speed flexibility. Every Rotary 
Compressor built features famous 
Fairbanks Morse quality craftsmanship. 


Skid-Mounted, Tandem Rotary Com- 
pressor ready for installation at 
Deere & Company, Waterloo Tractor 


With capacities up to 21,000 cfm—and 
pressures up to 250 psig, F-M Rotary 
Compressors are a versatile asset to many 
operations. Discover how they can step up 
the efficiency of your operation . . . and 
cut maintenance and installation costs as 
well. Write: Fairbanks, Morse & Co., 
Director of Marketing, Compressor 
Division: Beloit, Wisconsin. 


THESE INDUSTRIAL LEADERS 
HAVE BOUGHT F-M LEADERSHIP 
IN COMPRESSOR DESIGN! 


(What Benefits Them Can Benefit YOU) 


Monsanto Chemical Co. 

The Ralph M. Parsons 
Company 

Phillips Chemical Co. 

Scientific Design Co., Inc. 

Shell Chemical Company 

St. Paul Ammonia 
Products Co. 

Union Carbide 
Chemicals Company 

United Refining Co. 


The Algoma Steel 
Corporation, Limited 
American Metal 
Climax, Inc. 
CF Braun & Co. 
Celanese Chemical Co. 
Copolymer Rubber & 
Chemical Corp. 
Cyanamid of Canada, Ltd. 
Deere & Company 
Foster Wheeler Corporation 
M. W. Kellogg Co. 


PAIRBANKS MORSE 





Works. 


A MAJOR INDUSTRIAL COMPONENT OF 





Model 200L3/132L3 Fairbanks-Morse 
Rotary Air Compressor for 12,000 
cfm, 110 psig. with 2600 h.p. steam 
turbine drive. 


FAIRBANKS WHITNEY 





How to Dolt... 
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FIGURE 2—The conventional system used city water in this case. 
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eater 
FIGURE 3—The packaged cooling system includes a small startup heater. 


















































temperature from the double-pipe water from 20 to 160° F. 
unit. ) 

A small startup heater is incor- To prevent water freeze up, anti- 
porated in the system to heat cold freeze is added for winter operation. 
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Interested personal service— 
always— 
when you buy from Eastman 


Eastman 


Gasoline 
Additives 


Tenamene 1 
An aminophenol. Low cost, 
efficient gum inhibitor 
for motor fuel. 


Tenamene 2 
A phenylenediamine. 
A versatile gum inhibitor 
for motor fuels 
and aviation gasolines. 
Also acts as a sweetening 
agent in many catalytically 
cracked stocks. 


Tenamene 3 
An alkylated phenol. 
Efficient gum inhibitor 
for motor fuels, 
aviation gasolines and 
jet fuels. 


Tenamene 60 


A powerful copper 
deactivator. 


Tenamene MD 50 
A freeze-resistant 
solution containing 
copper deactivator. 


For information on how to 
use Tenamene gasoline addi- 
tives, send for Bulletin I-106. 


For properties and shipping 
information on these and 
other Eastman products, see 
Chemical Materials Catalog, 
page 363, or Chemical Week 
Buyers’ Guide, page 107. 


Eastman 


PETROLEUM REFINER—V ol. 40, No. 5 





What happens 


when you buy from Eastman! 


“A trunkful of gasoline inhibitor...” 


“That’s what he said,” reports one of 
our sales representatives, “trunkful. 
And after removing fishing gear, de- 
bris from last year’s vacation, plus my 
spare tire, that’s what he got, in the 
form of two drums of Tenamene 3. 
“The first part of the purchasing 
agent’s late evening call was a solilo- 
guy on the aberrations of suppliers in 
general. I agreed that a supplier who 
confused ditertiary butyl 
(name withheld to protect the inno- 
cent) with ditertiary butyl cresol (Ten- 
amene 3*) was a bit loose in the order- 
writing department. At the same time 


I was quietly glad that we do not sell 
the ditertiary butyl derivative of 
. It can happen, you know. 
“Anyway that’s what had happened. 
When they were ready to stabilize a 
run of aviation gasoline, a sharp fore- 
man stopped the operation before the 
gasoline was adulterated rather than 
stabilized, since as a gasoline inhibitor 
the —________ derivative, being in- 
soluble, doesn’t even so much as con- 
tact the problem. 
“To keep gum formation from get- 
ting a head start, I went out to our 
local warehouse at 4:30 A.M., loaded 


*Eastman’s gasoline inhibitor grade of 2,6-ditertiary butyl p-cresol. 


two 100-pound drums of flake Tena- 
mene 3 in the trunk of my car, and 
took off with a little prayer that there 
were no loose nails in the road. 

“There weren't, and I arrived at the 
customer’s refinery at 9:00 A.M.” 

Normally, we move Tenamene in- 
hibitor around the country by rail 
freight or truck transport. If possible 
we'd like to continue this practice. In 
an emergency, however, we're pre- 
pared to give our customers maximum 
personal service. 

Sometimes, this personal service 
even includes personal delivery. 


Eastman CHEMICAL PRODUCTS, INC., xincsport, TENNESSEE, Subsidiary of Eastman Kodak Company 


SALES OFFICES: Eastman Chemical Products, Inc., Kingsport, Tennessee 


bor North Carc 


Houston; Kansas City, Missour 


West Coast: Wilson & Geo. Meyer & Company, San Franc 
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( 
SZ Carl G. Paulson, 


Director of Hayes Research and 
Development Group, Reports.. 


NEW NITROGEN 
POTENTIALS 


Assume you face the need for high 
¥ purity nitrogen at a low per-unit 
‘S cost figure. You want to use it as a 
§ heat treating atmosphere. . 

“blanket” 


3 —, ... or for any one of a 


anumber of industrial applications. @ 


= How can you bring this safe, inert 


is gas out of the lab and into general 2 
2 


to » use without inflating your costs? 


> Our R & D group reasoned that a low *% 
cost generator + 


.orasa® 
for hydrocarbons or food q 


was the logical :- 


solution and fol- 

lowed up and 

developed a 

) completely new 

piece of equip- 

ment—the C. I. 

Hayes “Nitro- 

Gen.” This 

unique combi- 

nation of sta- 

tionary retort and cyclical pro- 

grammed dryer has cleared the way 

for production of 99.99% pure inert 

gas at approximately 20c per thou- 
sand cubic feet. 

The immediate benefits of low cost 

nitrogen as a protective heat treat- 

ing atmosphere were revealed in ini- 

tial metallurgical applications. For 

example, test bars of Type C-1141 

Carbon Steel were subjected to rou- 

tine hardening under (1) nitrogen, 

(2) dissociated ammonia, and (3) 

endothermic gas atmospheres — each 

test followed by routine oil quench 

and tempering. Hardness results 

from these tests proved identical ... 

but a substantial boost in toughness 

showed up in the bars treated under 

- nitrogen. The nitrogen atmosphere 

- produced 100% greater toughness 

‘s according to a transverse break test. 


‘= Safety alone makes nitrogen worthy of care- 
ful consideration. 
4 gas can be produced efficiently and econom- 
= ically (and we're doing it!), Hayes R&D 
Engineers believe its potentials are virtually 
limitless. 
Blanketing operations are No. 
for the Hayes Nitro-Gen... in food, paint, 
, petroleum, chemical, and petrochemical in- 
dustries ... 
of produced gas means fast pay-back on 
the job. 
We'll gladly demonstrate the Nitro-Gen in 
Ma our lab or send technical literature if you 
Mm desire. Request Bulletin 5901-NI, 


Designed in conjunction with Linde Company « « « 
to utilize Linde Molecular Sieves 


Established 1905 


Cc. il. HAYES, inc. 


853 WELLINGTON AVE. « CRANSTON 10, R. I. 
Whatever the job, it i a to see HAYES 


laboratory 


for metall 
tacilitie Cc genera 
tors, gas and flui 


If this non-combustible > 


1 prospects & 


where low cost per cubic foot ¢ 
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CAPITAL COST COMPARISON 
(INSTALLED) 


Conventional Cooler System 
. Double-Pipe Exchanger $ 1,550 
4,200 


] 
2. Piping 
5 


3. Electrical (2 pumps & 
treating equipment) 1,200 
1,560 
600 
350 
650 
1,100 
850 
$12,060 


2 Pumps 

. Chemical Treatment Unit 
. Foundation 

. Insulation 


. Instruments 


. Sewer & Sump 


COON DO 


Total 


The packaged cooler system is compact. 


Packaged Cooler System 
1. Packaged unit including: 
a. Double-Pipe exchanger 
b. Pump 
c. Control valve 
d. Starter heater 
e. Storage tank 


. Piping (process and 
auxiliary ) 
. Electrical 


1,850 
800 


280 
700 
425 
100 
$10,540 


. Foundations 

5. Insulation 
. Additional Instruments 
. Sewer 


Total 
Operating Cost Comparison 


Conventional Cooling System 
$/Yr. 

$ 310 
2,915 
16,800 


$20,025 
—7,500 


@ Electrical (0.011 $/kw hr.) 
@ Water (0.99 $/1,000 ft*) 
® Steam (0.98 $/1,000 Ib.) 


@ Steam saved in Heating 

Boiler Feed. 

Total Operating Cost $12, 525 yr. 
Packaged Cooling System 

$/Yr. 
® Electrical (.011 $/kw hr.) $ 206 
® Water $ O 
®@ Steam (startup) 160 
@ Anti-freeze 82 

Total Operating Cost $448 /yr. 

The operating costs shown are 
based on two hours operation per 
eight-hour shift for 360 days per 
year. 

In addition to the obvious capital 
and operating savings attendant with 
the packaged cooler system design, 
it should be recognized that with a 
closed recirculating water system 
maintenance associated with water 
corrosion and water fouling will be 
virtually eliminated. 





Refiner, P. O. Box 2608, Houston. 





$$ Your Ideas Are Valuable! $$ 


At least $10.00 will be paid for each idea accepted for “How to Do It.” 
All you need to do is write a brief note telling about your idea, then 


attach a photo or sketch (if needed), and mail it to Editor, Petroleum 
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Limilorque 


FOR DEPENDABLE 
PUSH-BUTTON OPERATION 


THE ABOVE 16” CRUDE OIL MANIFOLD VALVES 
OPERATE DAY AND NIGHT AT A NATIONALLY 
KNOWN SOUTHWEST PIPE LINE STATION 


On a large majority of the high pressure oil and gas pipelines 

constructed during the past twenty-five years, you will find 

LimiTorque Motorized Valve Controls operating day and night— 

by the “mere push of a button” at conveniently located control 

points. One man can open and close all types of valves in remote, 

inaccessible or hazardous locations and thus save time, manpower 

and money . . . and due to its exclusive Torque Limiting Mech- 

anism LimiTorque prevents any possible damage to valve operating 

parts, by shutting-off the current, should excessive torque be 

encountered. 
LimiTorque can, in most instances, be readily field-mounted Send for interesting 16 

on existing valves with little added expense. page Bulletin #1-60, 
Contact your Valve Manufacturer or nearest LimiTorque Sales- ee ae yen 


‘ S a" a Business Letterhead 
Engineering Office for full information. when requesting. 


THERE IS NO SUBSTITUTE FOR om 


= oo | 
a Td ilo Pay EES Prmavernia GEAR CORPORATION 


KING OF PRUSSIA (SUBURBAN PHILADELPHIA), PA. 
Offices in all Principal Cities 
INDUSTRIAL GEARS & SPEED REOUCERS: LIMITORQUE VALVE CONTROLS ® FLUID AGITATORS»* FLEXIBLE COUPLINGS 
Limitorque Corporations King of Prussia, Penna. 
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THESE ARE PAGES 6 & 7 OF THE 


4 Skin Casing to be 
Refractory Cement u 
efractory Cemen */y Alternate Weid: 
angement ond Dunensions at Furnace and at Top and Bottom 
the General Arrangement Drow ngs wil of Channel 
Drawing, Shows Typical Construction 


Fis. ?— Details of construction for ptessurized furnaces for 
CE Boilers degre ‘or waste segeneritor gas firing 


For the whole fact-filled catalog, write... 


For more data on advertised products, use Readers’ Service Cards, last page. PETROLEUM REFINER Vol 410), No. 5 





20-PAGE C-E CO BOILER CATALOG 








on Engineering CO Boilers are of a 
yet conventional in appearance, 

4 use the time tested C-E Tangential Burner jn 
an four corners of the furnace. They require no 
the lized OF complicated means to burn the lean, 
ges gas from a catalyst regenerator. Uti}j. 
moist. of furnace volume is so efficient tha 


C mbust! 
vanced design. 
ar 


eration. The absen < 
sures minimum air pressure loss and fan horse. 
s 
power requirements. 


F 1th 
The sin) casing we lo tangent wall tubes is 
designed for cubical expansion of pressure parts, 
with the skin casing in intimate contact with the 
tubes, its temperature ot any point is the same as 
q ' . > a . ae ur- 
ands cubically, there is no relative expe 
pn the tubes and the skin casing. Fos 
oe reason the skin casing can be complete] 
‘sided. This construction is carried over to the 





- finned. The conventional rec ular furnace 
gllows the preferred arrangement of boiler and 
superheater with uniform heating surface and gas. 
passage area per foot of furnace width. It also Pro- 
elatively quiet burner positions, assuzi 
shape permits an efficient system of platforms 
irways for observation and access. H, 
on “ are disposed to recover the maximum 
qmount ot heat with a minimum of baffling. The 
gas velocities through the boiler are high enough 
to prevent excessive settling out of catalyst, yet 
ficiently low to avoid excessive erosion. 


Ata specified steam output, the circulation condi. 
tions in a CO boiler, when firing regenerator waste 

and cuxilicry fuel, are entirely different then 
when firing auxiliary fuel clone. For this reason, 
the circulating system of C-E Boilers using these 
fuels is designed to handle the flows of water and 
steam for both tl.ese extreme conditions. Further. 
more, the drum internais are designed to maintain 
the specified purity regardless of the fuel fired 


Either a C-E continuous finned tube economizer o; 
g vertical tube, drum-type economizer in located 
sitter the boiler section. The finned economizer is 
normally selecied when substantial quantities of 
supplementary fuel will be fired and higher eft 


CE Boiler for waste regenerctor gas firing 
relinery on the West Coast. The sectic na) 
arrangement of this boiler appears on Page 8 


C-290 


COMBUSTION ENGINEERIN 


210 Madison Avenue, New York 16, N. Y. 
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First Fluor Solvent Process 


Plant Now on Stream 


El Paso Natural is using 
the process in its Terrell 


treating unit 


A new method for removing bulk 
quantities of CO, from natural gas 
has been demonstrated by the suc- 
cessful startup of El Paso Natural 
Gas Co.’s Terrell treating plant. For 
the first time, by the use of The Fluor 
Corp.’s solvent CO, removal process, 
natural gas containing very high CO, 
concentrations (on the order of 40 
percent and above) is upgraded to 
pipe line specifications with attractive 
economics. 


This shot shows the solvent and waste gas piping in foreground. All main process 


piping is insulated. 


288 


This plant, which purifies CO,- 
rich gas from the Brown-Bassett field, 
was designed and constructed by The 
Fluor Corp., Ltd., and was put on 
stream by El Paso in December. 

Special features include a power 
recovery system which furnishes sub- 
stantially all the energy needed to 
circulate solvent and a novel method 
for dispersing waste CO, into the 
atmosphere. 


Plant Performance. Since develop- 
ment of the field has just recently got- 
ten into full swing, throughput has 
been limited to about 85 MMcfd of 
feed gas. More wells will be tied into 
the gathering system in the near fu- 
ture. To date, individual gas well an- 


ae 


These three towers are absorbers, flanked 
by a CO, stack. At left foreground is 
feed gas knockout drum. 


alyses range between 39 and 57 per- 
cent CO,, but the composite feed gas 
to the plant has averaged near the 
design 53 percent. 

The CO, concentration in the resi- 
due gas has been below 2 percent 
when the plant is operated at design 
conditions. 

Small quantities of hydrogen sulfide 
are present in the feed gas. Almost 
complete removal is accomplished by 
the solvent to produce a sweet residue 
gas containing well below the %4- 
grain pipe line specification. 

Concurrent dehydration of the gas 
to pipe line specification is also 
achieved by the solvent, thus eliminat- 
ing a separate dehydration step. Water 
is picked up by the solvent in the ab- 
sorption step and flashed to the at- 
mosphere along with the CQ. 


Process Description. Reduced to its 
simplest terms, the process involves the 
physical absorption of CO, at elevated 
pressures by a substantially anhydrous 
organic solvent. Acid gas is desorbed 
simply by the release of pressure and 
without the application of heat. The 
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NIGHT AND DAY 


twenty-four hour service 
PUMPS + WATER WELLS » WATER TREATMENT 


Layne knows that an unfailing supply of water is vital, whether it be 
for municipal, industrial or agricultural use. With Associate Com- 
panies located throughout the world, Layne can provide the speed, 
the trained technicians and the quality parts to remedy your water 
problem. Over 75 years of experience accounts for the ever increasing 

Write for Layne Service Bulletin 100. list of customers who depend on Layne for service. For service night 
and day, call the Man From Layne. 

LAYNE OFFERS COMPLETE WATER SERVICE: Initial Surveys « explorations « recommendations, site selection « foundation and soil-sampling « well drilling 


well casing and screen « pump design, manufacture and installation « construction of water systems « maintenance and service « chemical treatment of water wells 
water treatment—all backed by Layne Research. Layne services do not replace, but coordinate with the services of consulting, plant and city engineers. 


LAYNE & BOWLER, INC., MEMPHIS 
General Offices and Factory, Memphis 8, Tenn. 
LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 
SALES REPRESENTATIVES IN MAJOR CITIES 
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with new 
MAGNA-PLAC 
nameplates 
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Two complete alarm points 
in each cabinet position con- 
serve panel area and reduce 
system cost. 


¢ Nearly 5 sq. inches of engrav- 
ing area for each point 


¢ AGand AF sequences standard 


¢ Conforms to regular De-Line 
construction features & quality 


¢ All plug-in units are hermetic- 
ally sealed 


INSTRUMENT 
CORP. 
3101 N. Lowell Ave., Chicago 41, Ill. 
Representatives in all principal cities 
FOR MORE INFORMATION 


sign and attach coupon to company 
letterhead. 
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flashed-lean solvent is then returned to 
the absorber to complete the cycle. 


Many solvents were tested for their 
suitability in this service, but propylene 
carbonate was found to be the best choice 
for treating the Brown-Bassett gas. Among 
this compound’s outstanding properties 
are its high CO, capacity, low-vapor 
pressure, low viscosity and high stability. 
Patents assigned to Fluor have issued on 
the use of propylene carbonate and other 
solvents for CO, removal. 

Regeneration of the solvent is accom- 
plished in successive flash operations. Dis- 
solved hydrocarbons are flashed from the 
rich solvent in the first stage of pressure 
reduction. This flash gas is recompressed 
and combined with the feed. The solvent 
then undergoes a second pressure reduc- 
tion in which a considerable quantity of 
waste CO, at an elevated pressure is 
evolved. This stream is used in gas ex- 
pansion turbines. The solvent is then 
flashed to low pressure. Sufficient CO, 
is desorbed to reduce its equilibrium 
partial pressure in the solvent to permit 
the production of 2 percent CO, residue 
gas. Hydraulic turbines recover power 
from the pressure letdown of the rich 
solvent. 


Adequate dispersal of over 110 MMcfd 
of carbon dioxide into the atmosphere is 
necessary to prevent suffocating CO, con- 
centrations at ground level. Waste CO, 
streams from the discharge of the CO, 
expansion turbines, the vacuum flash 
ejectors, and the atmospheric flash drum 
are collected and sent to the atmosphere 
through a self-supporting steel stack. 

Rather than using an exceedingly tall 
stack, the inside diameter of the top few 
feet is reduced so that the CO, is ex- 
pelled at a high velocity. This results in 
an effective stack height of over 1,000 
feet during calm wind conditions and a 
ground-level CO, concentration increase 
of about 600 ppm (30 minute average 
value) at critical wind speed, as calcu- 
lated by the Bosanquet-Pearson equations. 


LITERATURE CITED 
1Enight, R. J., Oil and Gas Journal, 59, No. 
8, p 80 (Feb. 20, 1961). 
* Kohl, A. L., and P. A. Buckingham, Oil and 
Gas Journal, 58, No. 19, p. 146 (May 6, 1960). 
3 Kohl, A. L., and P. A. Buckingham, Petro- 
LeuM Reriner, 39, No. 5, p. 193 (May 1960). 
*Kohl, A. L., and F. E. Miller, U. S. Patent 
51, March 1, 1960. 
Pollution Abatement Manual, Chapter 8, 
Manufacturing Chemists Association, 1953. 


Continental Oil Co. has completed a 
300,000-barrel, underground propane 
storage cavern in Ponca City at a cost of 
about $1,275,000. Propane produced at 
Conoco’s Ponca City refinery will be sent 
to small, above-ground storage tanks near 
the cavern, where it will be tested to be 
sure it meets all specifications. Then it 
will be transferred to the underground 
cavern. (PETROLEUM REFINER, January 
1961, Page 197. 


Murphy Corp. has awarded a contract 
to Southwestern Engineering Co., Los 
Angeles, for engineering, purchasing and 
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TO SHOWERS AND MISC 
DOMESTIC USE (SOFTENED WATER) 


5) 45 GPM 


How to get three kinds of water 
from a single treatment system 


This is a diagram of the water treatment 
system at the new Owensboro, Kentucky 
plant of Dewey & Almy Chemical Division 
of W. R. Grace & Co. 

Only one kind of water goes into this 
plant: raw well water, with a hardness of 
11.6 grains per gallon. 

But the conditioned water that comes 
out is suitable to meet the demands of three 
different applications: 

It’s demineralized, for use as process 
water in the making of polyvinyl acetate 
emulsions and butadiene-styrene 
copolymers. 

It’s also dealkalized and deaerated, for 
use as boiler feedwater. 

And it’s softened, for general miscellane- 
ous use around the plant — washing, em- 
ployee showers, etc. 

How it’s done. To do all these jobs the 
water receives a progressive treatment in a 
compact Permutit system. 

First the raw water is divided into two 
streams. One, of 52 GPM flow, is processed 
through two Permutit Q hydrogen cation ex- 
changers (A) and then through a Permutit 


degasifier (B) into a storage tank. From this 
storage a 10 GPM stream is directed to an 
anion exchanger (C) where Permutit S-2 
resin completes demineralization producing 


.a finished process water. 


Water for non-critical uses flows into the 
system at 35 GPM for treatment in two 
Permutit softeners (D) with Permutit Q 
resin. 

Boiler feedwater requirement is 45 GPM 
so 42 GPM is supplied from storage (S) and 
three GPM from the softened supply. This 


Permutit water conditioning system occupies 
small space in corner at Dewey & Almy, yet 
processes every drop of water used throughout 
the plant. 


water is blended and fed to a Permutit de- 
aerating heater (E) which delivers it ready 
for boiler make-up. 

Guaranteed results. When this system 
was installed, there was no question about 
the quality of the water it would produce. 
Results were guaranteed by Permutit. Such 
guarantees are possible because of our un- 
usual position in the water conditioning 
field. Not only did we originate the ion 
exchange system of water softening, but we 
are also the only company to manufacture 
both the equipment and the ion exchangers 
for all types of water conditioning. 

Your water problem? Your water needs 
may be anywhere on the spectrum of water 
conditioning — from simple soft water, to 
highly critical requirements that call for 
Permutit “ultimate” water. 

In any case, chances are good that we 
can solve the problem at minimum cost. 

As a start, send for a free copy of Bul- 
letin 4433, “An Outline of Modern Water 
Treatment Equipment.” 

Permutit Division, 50 West 44th St., 
New York 36, N. Y. 


PFAUDLER PERMUTIT Inc. 


Specialists in FLUIDICS...the science of fluid processes 
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MECHANICAL SEALS 


NO alike ! 


they vary 


e IN DESIGN 
@ IN VERSATILITY 
@ IN PERFORMANCE 





There’s a difference in 


ROTATES WitH % oo THE SwHaAPRT 


“The Engineered Mechanical Seal” 


®@ Types and assemblies are available 
for the widest range of pressures, 
temperatures and liquids. 


Easy to install on your present 
pumps, autoclaves or mixers. 


Simple in construction . . . available 
in a wide selection of materials. 


Repay their investment many fold 
by preventing the loss of valuable 
fluids. 


Personal service extended nation- 
wide by factory-trained field engi- 
neers. 


| stream 


| Building ... 





field construction of new units planned at 
| Murphy’s Superior, Wis., refinery. The 
| units include a 5,000-bpd fluid cat 
| cracker, 1,200-bpd HF Alkylation unit, 
| FCC gasoline Merox treater, FCC gaso- 
| line caustic treater, LPG Merox treater, 
| gas concentration unit and a crude and 
| vacuum unit revamp. 


Monsanto Chemical Co. plans to 


| manufacture a variety of oxo alcohols in 


| a major plant to be constructed at its 
| Chocolate Bayou, Texas, chemical com- 
plex. The unit is scheduled to be on 
late in 1962. The company’s 
hydrocarbon chemical complex at Choco- 
late Bayou will include major facilities 


| for producting naphthalene and _ olefins 
| such as propylene. 


| Phillips Petroleum Co.’s new X-Ray 
| natural gasoline plant 20 miles north of 
| Stephenville in Erath County, Texas, has 


begun operation. The plant will process 
25 MMcf of gas and produce about 
50,000 gallons of natural gas liquids per 
day consisting of propane, butane, LPG, 
and natural gasoline. Natural gas for the 
plant comes from Erath County and 
the Rising Star area of Eastland and 


| Comanche counties. 


W. R. Grace & Co.’s Polymer Chemi- 
icals Division has awarded The Fluor 
Corp., Ltd., a multi-million-dollar con- 





tract to design facilities which will in- 


crease Grace’s polyethylene capacity at 
Baton Rouge, La. In 1957, Fluor com- 
pleted a 50-million-pound-per-year linear 
polyethylene plant for Grace at the same 
location. Construction of the new instal- 
lation is scheduled to begin this month, 
with completion set for August 1961. 


The Standard Oil Co. (Ohio) is 
building an Isocracking unit at its Toledo, 
Ohio, refinery. This 7,500-bpd unit, cost- 
ing approximately $5 million, is the first 
Isocracking unit to be licensed by Cali- 
fornia Research Corp., which developed 
the process. Ralph M. Parsons Co., Los 
Angeles, will build the facility following 
their completion of the engineering 
studies and plans which were started last 
November. Completion date is set for 
November 1961. 


Olin Mathieson Chemical Co. is 
building a plant at Saltville, Va., for 
the production of hydrazine. The U.S. 
Air Force has awarded the firm’s Chemi- 
cal Division a $25-million order for an- 
hydrous hydrazine, a storable liquid fuel 
for use in the Titan II Intercontinental 
Ballistic Missile. The facility is being 
built by Olin Mathieson with govern- 
ment funds. 


Continental Oil Co. plans to construct 
a $1,750,000 natural gas products plant 
at Hennessey, Okla., about 50 miles 
northwest of Oklahoma City. The plant, 
which will have a processing capacity 
of 30 MMcfd gas, will be owned 50 
percent by Continental. The remaining 





THAT DANGER ZONE TO A 


- « « Cuts costs when you 
SIMPLIFY PIPE LAYOUT 


When you modernize to make money, go all 
the way. Cut piping costs to minimum with 
planned simplification. Give your staff a free 
hand to effect economics—at the same time, 
convert Danger Zones to Safety Zones. Equip 
every overhead valve wheel in your plant 
with Babbitt Adjustable Sprocket Rims with 
Chain Guides. 


They simplify pipe layout. 

They fit any size valve wheel. 

They are easy to install and operate. 
They operate any valve from the floor. 
They save time and money. 


The first cost is the only cost (no maintenance). 
They are packed completely assembled (one 
to a carton), with easy-to-follow instructions. 
A hot-galvanized rust proof chain is avail- 
able for all sizes. 


WRITE TODAY FOR YOUR COPY OF 
DURA SEAL CATALOG NO. 480-PR 


Babbitt Adjustable Sprocket Rims with Chain 
Guide are carried in stock by most mill supply 
houses. Just phone your mill supply salesman, 
or contact us direct. 


I =sYsle)@) lemme STEAM SPECIALTY CO. 


6 BABBITT SQUARE, NEW BEDFORD, MASS., U.S.A. 


DURAMETALLIC CORPORATION 
KALAMAZOO, MICHIGAN 
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THE LOCATION Humble’s Bayway Refinery, Linden, N.J. 
THE SERVICE Gas oil feed for fluid catalytic cracking unit. 
TUBE SIDE FLUID Cat fractionator slurry recycle. 


THE EQUIPMENT Eight 48” |.D. shell and tube heat exchangers. 


THE PROBLEM Increase heat duty in transferring heat between two process streams. 


THE SOLUTION The heat exchangers were retubed with Wolverine Trufin Type S/T 
—the integrally finned heat exchanger tube. In this case the tubing 
specified was 19 fins to the inch low carbon steel. 


Extended surface Wolverine Trufin Type S/T brought about the 
desired increase in heat duty — without any modification whatsoever 
to the existing exchangers. 


See explanation on reverse side of this page. 


WOLVERINE TUBE 


DIVISION OF 


| G Calumet Hecla, Inc. 


DEPT. M, 17236 SOUTHFIELD RD., ALLEN PARK, MICH 











Before you design new heat transfer equipment or 
retube old—get the Wolverine Trufin story—discover 
how this extended surface tube can help you shrink plant 
costs and boost plant production. 

The explanation, of course, is found in Type S/T's 
integral fins which increase the outside heat transfer 
surface by as much as 2% times over a length of bare 
tube of similar size. _ 

As a result, more BTU’s are transferred per foot of 
tube. Direct tube costs are reduced as are fabrication 
material and labor costs. In addition, because there is 
no increase in overall unit size and weight, Trufin-tubed 
units permit savings in valuable space and require less 
structural support. 

These are some of the reasons why Wolverine Trufin 
Type S/T has been chosen for applications of the type 
described on the reverse side of this page. They are 
also the reason we suggest that you get the Trufin story 
—NOW! Just “Ask Your Wolverine Tube Salesman— 
HE KNOWS.” 

Write today for a free copy of the Trufin Comparison 
Costs Book. 


aoe WOLVERINE TUBE 


DIVISION OF 


wi 
—G@ Calumet-s Hecla, Inc. 


DEPT. M, 17236 SOUTHFIELD RD., ALLEN PARK, MICH 
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50 percent will be shared by other firms 
and individuals in Oklahoma. The unit 
will manufacture propane, butane and 
natural gasoline products and will sell its 
residue gas under contract to the Okla- 
homa Natural Gas Co., Tulsa. Con- 
struction of the plant will start in 
approximately one month, with com- 
pletion expected this fall. The plant will 
be located approximately one mile south 
of Hennessey in Kingfisher County, and 
will process gas from the Hennessey and 
Dover fields. 


Heart of deasphalter is these three towers | 


which enclose rotating disc contactors. 


Sun's Deasphalter on Stream 
At Toledo Refinery 


A new $3.6-million propane deasphalter 
with a capacity of 10,500 bpd is in opera- 
tion at the Toledo, Ohio, refinery of Sun 
Oil Co. 


The deasphalter reduces Sun’s volume 
of heavy fuel oil and provides additional 
catalytic cracking stock for the manu- 
facture of gasoline. The portion of the 
heavy oil not upgraded is used as refinery 


fuel or sold. 


Construction of the propane deasphalter 
was begun last August and was completed 
in April. 


Allied Chemical Co. expects to begin 
production of polyethers in July at its 
Solvay Process Division’s Baton Rouge, 
La., plant. The plant’s capacity will be 
20 million pounds per year of polyethers, 
which will be used in making urethane 
plastics. The facility will make propylene 
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oxide-based polyethers by a process based 
on a unique reactor design. Construction | 
of the Baton Rouge plant was begun in 
November 1960. 


Firestone Tire & Rubber Co. has 
begun commercial production of poly- 
butadiene synthetic rubber with a multi- 
million-dollar plant on stream at Orange, 
Texas. The plant is part of the Firestone 
Petrochemical Center, a 1,000-acre in- 
dustrial site where the company has pro- 
duced butadiene since 1957. The new 
facility has an annual capacity of 30,000 | 
long tons. 


Texaco, Inc., has launched a benzene 
project at its Port Arthur, Texas, re- 
finery. Capacity will be 2,500 bpd. The 
facility will include a 30,000-bpd deiso- 
hexanizer, a 16,000-bpd catalytic re- 
former including Unifining, a 14,000-bpd 
extraction unit and a 2,250-bpd clay 
treater and fractionator. Bechtel Corp. 
has a contract for the engineering, pro- 
curement and construction. 


Union Oil Co. of California has 
placed a $1.5-million unit on stream at 
its Los Angeles refinery to electronically 
blend gasoline, jet fuels and other petro- 
leum products. The electronic blender 
uses more than 5,000 transistors in its 
computer-controller system. The unit, op- 
erating from a central point, automatically 
controls valves on storage tanks a mile 
away. Drawing from these, it can blend 
in precise ratios as many as 10 different 





any acid-proof 
job to last! 


Yes, Sauereisen Pour-Lay Cement 
No. 54, the Acid-Proof Concrete, is 
ready to go to work for you, too ... for 
floors, tanks, chimneys. Provides resist- 
ance to all corrosive acids (except 
hydrofluoric) and temperatures as high 
as 2000°F. Can be gunited, poured, 
cast in forms or applied as a topping 
over concrete, brick or tile 


Ask for Data Sheets. 


Sauereisen Cements Co. 
Pittsburgh 15, Pa. 


SAUEREISEN 
POUR-LAY No. 54 


CEMENT 


PAT. APPLIED FOR 


Koppers coupling 
service cuts 
costly down-time 


Not every coupling service need 
is an emergency. But it’s the 
emergencies that really test a 
good organization. That’s why 
Koppers maintains experienced 
field engineers and outstanding 
stock facilities throughout the 
country. In addition, if it’s a 
Fast’s Coupling you’re replac- 
ing, we have a serial number 
and specific application history 
for every Fast’s for easy re- 
ordering. And our modern man- 
ufacturing facilities have the 


extra capacity to lick an emer- 
gency for special requirements. 
Example: A modern window- 
less bank in Georgia was able to 
open for business as usual only 
because Koppers flew in a com- 
pleted replacement coupling for 
its air conditioning unit. Elapsed 
time . . . request phoned to 
Baltimore after 10 in the eve- 
ning . . . coupling arrived before 
7:30 next morning. 
Koppers Company, INc., 1505 
Scott St., Baltimore 3, Md. 


FAST'S COUPLINGS 


Engineered Products Sold with Service 
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PACIFIC... 

PACESETTER 

Offers a well 

rounded out line 

of Ball Valves and 

Accessories—Ball Valves 

to meet nearly every application! 

PACIFIC offers screwed end valves—from 

4” to 2”; 150 Ib. flanged end valves—from 14” 
thru 14”; full opening ball valves—from 14” to 2”, 
with screwed ends and 6” thru 12”, with flanged ends; 
High pressure ball valves for gas service, up to as high 
as 6000 lbs.—in sizes ¥e” thru 1”; ‘‘FireSafe’’ ball 
valves; a line of all purpose, cast iron, ball valves; a 
line of 150 Ib. flanged, 3-Way ball valves—from 34” 
to 4” and; a line of screwed end, 3-Way ball valves— 
from 4” to 2”, 


Sales Offices in most principal cities. Complete warehouse facilities 
at Long Beach, California; Emeryville, California; Houston, Texas; 
Woodbury, New Jersey and Broadview, Illinois. 


PACIFIC 

Ball Valves 

are available in 

the following stand- 

ard materials: Cast Iron, 

Ductile Iron, Bronze, Alumi- 

num, Carbon Steel, CF8 (304), 

CF8M (316), Alloy 20, and Monel... in 

seal materials: Buna-N, Neoprene, Viton, Teflon, 
Kel-F and Nylon. 

PaciFic Ball Valves can be supplied with: air cylinder 

operators, PneuRotor®, (a pneumatic rotary type) 

operator, exclusive with PACIFIC, Chain Lever or 

Chain Wheels—and all types of electric operators. 

Let a PACIFIC representative show you how these Ball 

Valves can meet your requirements and give you un- 


believable performance. 
® Registered T.M. Pacific Valves, Inc. 


NEW 64 PAGE 


BALL 
VALVE 
CATALO 


PACIFIC VALVES, INC. 


3201 Wainut Avenue, Long Beach 7, California 
Telephones: Long Beach —GArfield 6-2531; L. A.— NEvada 6-9811 
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PETROLEUM REFINER—V ol. 40, No. 5 





Building... 





gasoline stocks with five additives plus 
tetraethyl lead to produce a continuous 
stream of finished gasoline at rates up 
to 5,000 barrels per hour. 


Signal Oil and Gas Co. is conducting | 


engineering studies for the rebuilding of 
its Signal Hill refinery, which was par- 
tially destroyed by fire in 1958. The 
studies are expected to be complete some- 
time this year. 


Cat cracker processes 4,500 bpd. 


Husky Completes Large 


Refinery Expansion Program | 
Husky Oil Co. has completed a $7.5- 


million expansion of its refinery at Cody, 
Wyo. 

On stream are a fluid catalytic crack- 
ing unit with gas concentration equip- 
ment, an HF Alkylation unit, and a 
Merox treating unit. Design and engineer- 
ing of the units were done by Universal 
Oil Products Co. Universal also designed 
new off-site facilities. 


Nopco Chemical Co. is building a $7- 
million isocyanate plant with initial ca- 
pacity of 10 million pounds per year at 


Linden, N. J. 


Phillips Petroleum Co. will start con- 
struction this summer of new catalytic 
refining facilities at its Great Falls, Mont., 
refinery. The present phase of the refinery 
modernization program will also include 
new facilities for catalytic hydrogen treat- 
ment of distillates, expansion and mod- 
ernization of laboratory facilities and re- | 


vision and expansion of the refinery’s | 
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SERIES 300 PROPORTIONING PUMPS 























ADJUSTABLE IN OPERATION 
FROM ZERO TO FULL CAPACITY 


The unique control mechanism on American’s new 300 Series 
Pumps provides full range adjustment while the pump is 
operating. Capacities range from 1 to 812 gallons per hour on 
the simplex series and from 2 to 1624 gallons on the duplex 
series. Maximum working pressure is 10,000 PSI. For maxi- 
mum versatility and absolute minimum maintenance the 
Series 300 also incorporates these quality American design 


features: 


Interchangeable liquid ends. 


e New cam adjustment mechanism controls pump plunger 


stroke from any point from zero to maximum output. 
Compact housing — all moving parts enclosed. 
E-Z Clean Cartridge Valves for simple maintenance. 


Plunger (diameters from 1%” to 234”) serviceable without 


disturbing the adjustment mechanism. 


For use in high-corrosion environments, new Series 300 
American Pumps are available with plungers and liquid end 
made in either ceramics, chrome plate or stainless steel. 
Remote or automatic controls are also available. Write 
American Meter Company for full details. 


y | 


AMERICAN 


METER COMPANY 


INCOM#POR ATED (ESTABLISHED 


'@3ae7 


pump Civision 


M4 


3500 PHILMONT AVE. PHILADELPHIA 16, PA. 
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e Design and licensing of catalytic processes e Economic consultation, engineering, research, 
for the petroleum refining, petrochemical and technical assistance in petroleum, 
and chemical industries. petrochemical, and chemical processing. 


PROCESSES, PRODUCTS, AND SERVICES... 
PROVED THROUGH PROGRESS IN CATALYSIS BY 
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e Newly-developed nitrogen-containing organic e A broad selection of catalysts for petroleum, 
chemicals with wide commercial possibilities. petrochemical and chemical processing, including 
custom catalysts manufactured to order. 


Contracting for Houdry products, or any one of 
Houdry’s processes and services, gives you access to 
a wealth of basic knowledge gained in 32 years of 
experience in the field of catalysis. Houdry offers 
well-proved capability in process design and prep- 


aration of catalysts to solve problems in petroleum 
refining, petrochemical processing, and chemical 
PROCESS CORPORATION processing. And by studying and evaluating catalysis 
1528 Walnut Street, Philadelphia 2, Pa. in a wide range of commercial situations, Houdry 


*Houdry means Progress...through Catalysis has not only developed processes, products and serv- 
ices, but has recorded information and perfected 


procedures to help you get full value from them. 
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Choosing an Antioxidant ? 


DALPAC 4 


Refinery customers have found that, 
in comparison with other inhibitors, 
Dalpac 4 (Hercules 2,6-di-tert-butyl- 
p-cresol) saves up to three dollars on 
every thousand barrels of gasoline 
produced. Dalpac 4 inhibits gum for- 
mation, stabilizes gasoline color, and 
helps maintain engine cleanliness. 
Refiners have also found it to be ex- 
cellent in turbine and transformer oils 
where it prevents deterioration, and 
does not affect electrical properties. 


For additional information write: 


Oxychemicals Division 
Naval Stores Department 
HERCULES POWDER COMPANY 
900 Market Street 


Wilmington 99, Delaware 
NO59-5” 
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water cooling system. Also, revisions will 
be made to further increase crude oil ca- 
pacity of the refinery. Completion date 
has been set for early 1962. 


The Atlantic Refining Co. has 
awarded a contract to O. L. Olsen Co., 
Inc., Houston, for the construction of a 
$1.5-million refrigerated absorption gaso- 
line plant. The plant will be built near 
George West, Live Oak County, Texas. 
Construction will begin this month, with 
completion set for the fall of 1961. 


Enjay Chemical Co. is expanding its 
Baton Rouge, La., oxo alcohol facilities 
from 90 million to 120 million pounds 
per year. Completion is set for early 
1962. 


Oxo Chemicals Co. has awarded 
The Fluor Corp., Ltd., a contract for 
engineering, purchasing and construction 
of an oxo alcohol plant at Portsmouth, 
Ohio. Construction of the plant is ex- 
pected to be complete early in 1962. The 
installation will produce isooctyl and 
decyl alcohols by catalytically exoating 
olefin hydrocarbon vapors. 


Sun Oil Co. plans to increase its outlay 
for plant modernization and expansion to 
$94.2 million in 1961, compared with 
$73.1 million in 1960. Sun’s expenditures 
for new manufacturing facilities are ex- 
pected to be $32.1 million, compared 
with $10.1 million last year. 


Union Carbide Chemicals Co. has 
completed a unit for producing alkyl 
amines at South Charleston, W. Va. The 
facility produces butyl, ethyl and _ iso- 
propyl amines. 


Sunray Mid-Continent Oil Co. 
plans to build a styrene monomer plant 
at Tulsa, Okla. A company spokesman 
reports that the plant will be similar to 
the company’s 60-million-pound-per-year 
facility at Corpus Christi, Texas. 


Continental Oil Co. plans to build a 
three-story building in Ponca City, Okla., 
to house the Central Computer Depart- 
ment and the company’s process center. 
Cost of the project, including the build- 
ing and related facilities, will be about 
$775,000. 


Tenneco Oil Co., a subsidiary of 
Tennessee Gas Transmission Co., has 
completed a low-temperature, oil absorp- 
tion gas processing plant at Palacios, 
Texas. It processes 70 MMcfd of gas 
presently, but plans are being made to 
increase this capacity to 90 MMcfd 


of gas. 


Food Machinery and Chemical 
Corp. has completed expansion of un- 
symmetrical dimethylhydrazine facilities 
at its Baltimore, Md., plant. FMC expects 
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Lock your hazards ina 


SOLID-WALL 
CHAMBER 


and gage safely 
and accurately 
with JERGUSON 
MAGNETIC 
GAGES 





Jerguson Magnetic 
Liquid Level Gages 
give you absolute 
safety when dealing 
with problem liquids, 
toxic gases and cor- 
rosion. You com- 
pletely eliminate the 
dangers inherent in 
glass, its gaskets and 
threaded connec- 
tions . . . for you 
lock your hazards in 
a solid-wall cham- 
ber, flanged to the 
vessel being gaged. 


the only gage 
of its type! 


unique safety design 
prevents gases from 
escaping 





measuring device is 
inside the stainless 
steel chamber 


scale is mounted 
outside the chamber; 
ntead 





7 7 
through the chamber 
wall 


level is accurately 
shown in red, con- 
trasted with silver 
above 


job designed, correlat- 
ing pressure, tempera- 
ture and specific 
gravity 


@ four different models 


@ available with electric 
alarms 


for liquid level and 

interface indication Patented 
For complete data 

write for Catalog No. 388 


JERGUSON 


and Valves for the 
Observation of Liquids and Levels 
JERGUSON GAGE & VALVE COMPANY 
100 Adams Street, Burlington, Mass. 
Offices in Major Cities 
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IT SHARES SPARES 


Cut parts inventory with this high-temperature process pump 


You can stay covered for any emergency with a small stock of parts when Goulds Model 3775 pumps your hot 


—or cold—liquids. 


That’s because all 12 pump sizes are built on one bearing frame (A). One shaft (B), one 


seal (C), and one bearing set (D) for every pump. One coupling fit, too. 


Save Process Design Time. Constant dimensions make it easier 
for you to design your process. Length of shaft and height 
from base to suction centerline are the same for all 12 sizes. 


Back Pull-Out Makes Upkeep Easy. Seal replacement and 
maintenance are simple. A millwright alone can remove the 
rotating parts without disturbing the pipe connections or 
driver. 


Cooled Seal. Hot pumpage never touches the mechanical 
seal. Seal is isolated in its chamber, surrounded by cool, 
dead-ended liquid. Coolant circulates through jacket, keeps 
seal face down to 250° F. even when pumpage reaches 750° F. 


Cooled Bearings. Bearings last longer because water-cooled 
housings keep their temperature constant. 


May 1961—PETROLEUM REFINER 


Versatile. An economical solution for cold as well as hot 
services, this single design covers an extremely wide range 
of applications. It handles temperatures from 350° to 
+750°F. 

The Model 3775 is built to API specs, handles pressures 
to 600 psi, capacities to 1200 gpm and heads to 500 feet. 

For a more complete story on how Model 3775 can help 
you cut pumping costs, write for Bulletin 724.1. It contains a 
parts interchangeability chart, dimensions, pressure-tem- 
perature chart and other helpful information. 

Goulds Pumps, Inc., Dept. PR-51, Seneca Falls, N. Y. 


GOULDS @ PUMPS 
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to supply the U.S. Air Force with quanti- 
ties of 5-15 million pounds per year of 
the material on a long-term contract 


pes 
basis. (PETROLEUM REFINER, September 
1960, Page 360.) 


For Gas Analysis 


BURRELL 


Western Frontier Oil & Refining 
Co. will build a topping plant in the 
Anchorage area of Alaska. Initial capac- 
ity will be 2,000-2,500 bpd. Gasoline, 
kerosine, jet fuel, diesel oil and bunker 
“C” fuel oil will be produced from 
charges of Kenai Peninsula crude. 


always fresh and active 


+. Order as you need 

Allied Chemical Co. is increasing its 
original capacity of high density poly- 
ethylene to 25 million pounds annually. 
The project is to be completed some- 
time this year. 


Modern Burrell Reagents and Auxil- 
iary Solutions are available as a 
regular, dependable source of supply 
for use with all makes of gas analysis 
equipment. 

Listed here are some perennial 
“best sellers.” Tell us your needs 
for prompt service. 


Shamrock Oil & Gas Corp. will 
build an ammonia plant at its Sunray, 
Texas, refinery. The facility, to have a 
150-ton-per-day capacity, is expected to 
be complete in early 1962. 


American Oil Co.’s Whiting, Ind., 
refinery has started production with a 


Fast Absorbing Reagents new 12,000-bpd alkylation unit after a 


7 i short startup period of three days. The 
COSORBENT® for Carbon Monoxide. Active and accu- unit will combine and upgrade certain 
ao Nay ry ogg veneer! ae 80 components of liquefied gases into a high- 
CAT. No. 39-721—3 oz. 3.25 Case of 12—35.10 grade gasoline _ StoK k. Bechtel Corp. 
COSORBENT POWDER for Carbon Monoxide. Easier to | handled construction. 
store and transport. Has indefinite shelf life. 

CAT. No. S0.7ES viel 3.85 Case of 12 vials—41.60 Siadie Ge., division of Union Carbide 
LUSORBENT® for Unsaturated Hydrocarbons. No vapor C . : : . ; ont 
siaacge - ee sg a orp., will build a plant at Amarillo, 
pressure. Non-Corrosive to rubber connections, om ie. : ae 
CAT. No. 39-715—8 oz. 4.40 Case of 12—47.55 Texas, to make liquid helium. Initial 
CAT. No. 39-716—3 oz. 2.75 Case of 12—29.70 capac ity will be about Of )0 gallons per 
OXSORBENT® for Oxygen. Fast, clean and accurate. day. Cost of the unit is estimated at 
Breaks sharply at saturation point. $1 million. 
CAT. No. 39-710—8 oz. 6.00....... ++.--Case of 12—64.80 


CAT. No. 39-711—3 oz. 3.25..........-.Case of 12—35.10 | Shell Chemical Co. has named C. F. 
DISORBENT® for Carbon Dioxide. Crystal clear potas- 


sium hydroxide solution. Accurate and fast. 

CAT. No. 39-730—16 oz. 3.25 Case of 12—35.10 
CAT. No. 39-731—3 oz. 1.90........ ++..Case of 12—20.55 
@®Trademark Registered U.S. Patent Office @Trademark 


NOTE: Order 8 oz. for each charge in a standard ab- 
sorption pipette; 3 oz. for IndustroQ gos analyzers, 


Specifics for Hydrocarbons 


SORBENT “A'®—For total olefins, ethene, propene, bu- 
tene and pentenes. 

CAT. No. 39-741—8 oz. 5.00 Case of 12—54.00 
SORBENT “B"®—For selective absorption of iso-butene. 
Takes up !-butene and 2-butene slowly. 

CAT. No. 39-742—8 oz. 3.00 Case of 12—32.40 
SORBENT “C"®—For propenes, butenes and pentenes. 
Will absorb ethene slowly. 

CAT. No. 39-743—8 oz. 3.00 Case of 12—32.40 


SORBENT “D"®—For acetylenes and higher members of 
the acetylene series. 
CAT. No. 39-744—8 oz. 6.50...........-Case of 12—70.20 
@® Trademark 

Prices listed are F.O.B. Pittsburgh, Pa. 


Ask for Bulletin No. 327 





Braun & Co., Catalytic Construction Co., 
and Ballinger Co. to design and build 
its multi-million-dollar polypropylene 
plant near Woodbury, N.J. The plant is 
designed to produce 80 million pounds 
per year. Construction is expected to 
start this month, with completion slated 
for the summer of 1962. 


Goodrich-Gulf Chemicals Co. has 
awarded Blaw-Knox Co. a construction 
contract for its new  cis-polybutadiene 
plant at Institute, W.Va. 


American Oil Co. will soon complete 
a 150,000-bpd pipe still, a 47,600-bpd 
catalytic cracking unit, and a 14,600-bpd 
alkylation unit at its Texas City refinery. 


|W. R. Grace & Co. is tentatively 


planning a 250-ton-per-day ammonia 
plant at Big Spring, Texas, next door to 
Cosden Petroleum Corp.'s refinery. 


Shell Oil Co, has awarded a contract to 
Bechtel Corp. for the construction of a 


Scientific Apparatus ahd Laboratory Supplie 5 
2223 FIFTH AVENUE, PITTSBURGH 19, P 


1,000-bpd vacuum-flasher-type asphalt 
products plant at Shell’s Martinez, Calif., 
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A two month delay in the completion and start-up of a 350 ton per day ammonia 
plant can mean the loss of $1,500,000 in income. With 76 Chemico ammonia plants a4 E ot ® co 
in operation or under construction (about six times as many as the nearest com- 

petitor), Chemico’s experience is your assurance against such costly delays. CHEMICAL CONSTRUCTION CORPORATION 
Since 1955, for example, Chemico has undertaken 23 ammonia projects—all of 

them on time or ahead of schedule. 320 PARK AVENUE, NEW YORK 22, NEW YORK 
Chemico offers versatility as well as reliability in ammonia plant engineering and 
construction. Efficient and economical Chemico plants are operating profitably 
using natural gas, crude oil, fuel oil, electrolytic hydrogen or coke oven gas for 
raw material. If your company is considering the construction of new or expanded CHICAGO/DALLAS/PORTLAND, ORE/TORONTO 
ammonia facilities, Chemico engineers would be pleased to recommend the 

process best suited to your needs. Address all inquires to: Sales Department. LONDON/PARIS/JOHANNESBURG/TOKYO 
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WITH SO MANY OTHERS ON THE MARKET, 

WHY HAS BROOKS BROUGHT OUT 

A NEW LINE OF LEVEL TRANSMITTERS? Because no 
level control instrument now available can quite 
match (or even come close) to our new Series MPT 
level transmitters in overall capability. Brash claim? 
Not at all. Here, see for yourself: 1. Independent 
transmission and indication, either pneumatic or 
electric, with optional alarm signaling and/or on-off 
control —all in a single instrument. 2. Operation 
from either buoyant or displacer floats, with a buoy- 
ant-float range of 0-24 inches (nearly five times 
that of any other directly-actuated level transmitter). 
a. Linear or characterized output — can be square 
root or other exponential function. (MPT units can 
give a linear output from Parshall flumes and 
V-notch weirs.) 4. High-pressure capability 
—standard models are rated at 1500 psi, can 
be made for working pressures to 50,000 psi. 
J. Adaptability — suitable for use with float 


mounted either within the vessel or in an external 


cage. 6. Available in a practically unlimited range 


of wetted-parts materials for corrosive services. 


Write for Bulletin 830 





BROOKS INSTRUMENT COMPANY, INC. 
5905 W. Vine Street, Hatfield, Pa. 


= 


SA-2326 
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refinery. Completion is set for October 


1961. 


E. 1. duPont de Nemours & Co. 
will build a 30-million-gallon-per-year 
methanol plant near Huron, Ohio, in late 
1962 or early 1963. 





New tower for pilot plant. 


Fractionation Research 
Completes New Tower 


Fractionation Research, Inc., has com- 
pleted an 8-foot-diameter tower section 
on their 4-foot-diameter commercial size 
experimental distillation unit at Alham- 
bra, Calif. The new section will permit 
a substantial increase in tray and packing 


| types studied in the pilot plant facility. 
| It is designed to permit easy changing 


of internals and is rated for full vacuum 
to 165 psia. 


Saratoga Processing Co., Ltd., sub- 
sidiary of Westcoast Transmission Co., 
Ltd., and Jefferson Lake Petrochemicals 
of Canada, Ltd., will process 75 MMcfd 
of sour gas and deliver up to 59 MMcfd 
of pipe line specification gas for export 
upon completion of an $11-million proj- 
ect in Canada. Jefferson Lake will re- 
cover 400 light tons per day of sulfur. 


Uniao Fabril do Azoto, Lisbon, 
Portugal, will erect a new fertilizer proj- 
ect at Barra 4 Barra, Portugal, on the 
south bank of the Tagus River near 
Lisbon. The project, scheduled for 
completion in 1962, will consist of a 
198-ton-per-day ammonia plant, a 44,651- 
| ton-per-year urea unit, a nitric acid plant, 
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move mountains - of AIR! 
in towers and exchangers 


Developed originally for the 
petroleum industry, Aerovent 
Large-Diameter “Al-metal” 
Propellers, constructed of 
tough, durable aluminum alloy, 
move great quantities of air at 
high velocities, in heat ex- 
changers and cooling towers. 
Pictured above are two 4-blade, 
16-ft. propellers in a cooling 
tower installation. These 
mighty propellers, with adjust- 
able-pitch “Macheta” Airfoil 
blades, are job-engineered to 
individual specifications. 
Write for free Bulletin 510 


@ Sizes 14’ to 18’ 
® 4 or 6 blades 


DESIGNED FOR DEPENDABLE OPERATION! 


Endurance tests, conducted at 3 times normal loading 
prove the ability of these new large-diameter propellers 
to withstand severe punishment. Heavy-duty cast steel 
hubs offer maximum resistance to stresses. Angle settings 
for each operating requirement, and appropriate alternate 
settings, assure accurate pitch for any predetermined per- 
formance which may be required. 54” to 144” now avail- 
able in Adjustable Pitch Models. 


REFINERIES, pumping sta- 
tions, industrial plants and — 
commercial buildings use Aero- — 

















vent “Al-metal” Propellers in 
major air-moving applications. — 


y LL ae isiliiere; all 


LARGE PROPELLER DIVISION 


304 Wright Bldg. Main Office and Factory 
TULSA 3, OKLA. ale ltr wel. ile) 





Easy-to-Move... 
Time-Saving Power for 
Your Shop or on 
the Job...New 


Bench, stand or truck mounted, this compact 
Ritai> 300 Power Drive quickly pays for 
itself in time and labor savings. Speed chuck 
closes and releases by hand .. . holds tight 
forward or reverse. Cam-action rear work- 
holder holds even long lengths straight for 
perfect threads and cuts every time. 


Converts to Low-Cost Threading Machine 
Add the RIitzatp No. 310 Carriage, No. 360 Cutter 
and a Riel Quick-Opening Machine Die Head, 
and you’re ready to cut, thread and ream. With a 
No. 19 Nipple Chuck you even cut and thread close 
nipples with threading machine speed and ease. 


DRIVES GEARED THREADERS - THREADS CLOSE NIPPLES 





Call your Distributor today. For your conveni , he maintai 
a complete stock of RIL [f> Work-Saver Pipe Tools and parts! 
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and ammonium nitrate plant, and a 

x nitro-limestone plant. The M. W. Kel- 

Roll tubes into logg Co., New York, and two of its 
subsidiaries have been awarded contracts 

covering the ammonia and urea plants, 


project offsite facilities, and construction 
of all major process facilities. 


Polymer Corp. (SAF), France, sub- 

s sidiary of Polymer Corp., Ltd., (Sarnia, 
in one pass Ont.) has awarded a $12-million con- 
tract for the design, engineering, 

procurement and construction of a 10,- 

000-ton-per-year specialty rubber plant 

near Strasbourg, to Badger (France) S. 

4 R.L., Paris. Badger N.V., Dutch asso- 

é i = ciate company of Badger (France), will 

Use of NEW : i Y j assist in handling the project. Badger 
continuous-rolling ~~ £ , ; expects to begin construction this sum- 
technique here—  S mer and complete the plant by the third 


‘ quarter of 1962. 
shows uniform seal, 
with all Keys j New Zealand will have a refinery built 
preserved, and : ; at Marsden Point, near Whangarei in 
no signs of shear — ; é North Auckland by a group of oil com- 


panies. Local investors will have a 40- 
percent interest in the project. 


Canadian Oil Companies, Ltd., 
has placed a $4-million refinery on 
stream at Innisfail, Alta., just one year 


OLD ‘ : 4 after the start of construction. The facil- 

step-rolling method 8 — ity, scheduled to operate on 4,000 bpd 

: : Ey ' Ae of gas condensate, is capable of pro- 
results in non-uniform F ; % cessing up to 2,000 bpd of crude oil. It 
surface... distortion ; s will produce about 30 million gallons per 


of Keys where rolls vip i > pee. Gees. 
have overlapped j ‘ 


Philippines has a company interested 
in making polyethylene. Philippine In- 
vestment wants to build a_ 10-million- 
pound-per-year polyethylene plant if 
foreign investments become available. 


Better seal... Smoother surface... 
. ts Shell Oil Co. of Canada has decided 
Much Faster operation , not to build a refinery in Trafalgar, Ont. 


: Shell-Canada had made plans for the 

This new concept in tube expanders was devel- project, which would have begun in the 

oped by Elliott to roll the thickest tube sheets next few months. (PETROLEUM REFINER, 
; ; a 3g 5 2 d il 1961, Page 198. 

Using a continuous-ro)ling method, it eliminates re Tes, Tag 


many problems common to step-rolling, may be 7 Societe de la Raffinerie de Stras- 
operated protractively or retractively, saves time, bourg S.A., partly owned by Societe 
assures uniform, smooth surfaces, avoids annular : Francaise des Petroles BP, will build a 
voids or erratic tube inside diameters, provides refinery at Herrlishein, near Strasbourg, 
France. Estimated capacity for the $61.6- 
better seal. ae age 
million facility is 66,000 bpd. 
o 
Accessories Petrobras has received approval from 


. , ; the National Petroleum Council to build 
Elliott also makes a complete line of retubing a refinery at Belo Horizonte, Brazil. 


accessories, including both electric and air mag- Crude supply for the 25,000-bpd plant 
netic Tube Rolling Controls, Tube Gages, Tube , will come from Rio de Janeiro via a 300- 
Plugs, Tube Cutters, etc.—in addition to a com- mile pipe line. 


lete line of tube expanders. Ask fi in Y-5. ™ 
* SPR Eee. Aen Esso Nederland, an affiliate of Stand- 
ard Oil Co. (New Jersey), plans to 


Fe . be build a $17-million petrochemical plant 
ELLIOTT COMPANY near Rotterdam, the Netherlands. The 

facility will have an annual capacity of 
GENERAL OFFICES: JEANNETTE, PENNSYLVANIA 


GENERAL | : 242,550 tons. It will produce benzene, 
leannette and Ridgway, Pa.; Springfield, Ohio; Newark, N. J. $ cy 

. xvlenes ; -ne-relate ™ 

TURBINES + GENERATORS + MOTORS + COMPRESSORS + TURBOCHARGERS vonage, ‘* grin ms _ “as ~— ster 

DEAERATING HEATERS + EJECTORS + CONDENSERS - STRAINERS - TUBE CLEANERS ucts such as paraxylene. Esso Research 
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signal 


ASHCROFT PNEUMATIC TRANSMITTERS give you 


a true primary and transmitted signal for indication or control 


Now—detect with precision accuracy the slight- 
est change in primary pressure or temperature. 
Transmit this signal quickly to your indicators 
or controllers. Ashcroft Pneumatic Transmitters 
do the job at lowest initial and operating costs. 

Full-range, solid-front indicating and totally 
accessible nonindicating transmitters need no 
costly high-pressure lines, yet permit complete 
monitoring of processes in remote areas. For 
safety’s sake, you get full indication even if the 
air is shut off. 

Narrow-span Ashcroft Transmitters are 
expressly designed with highest sensitivity and 
repeatability for the most accurate primary sig- 


MAXWELL 


M 


TRADE MARK 


MANNING 
‘INI INOOW 3 


Ashcroft Indicating 
Pneumatic Transmitter 


nal feed to controllers. You get better control and 
purer, lower-cost final products. 

Only in Ashcroft Pneumatic Transmitters can 
you get the wide choice of Ashcroft Duragauge 
Bourdon tubes or American mercury or gas- 
actuated sensing systems. You also get a time- 
proven, obstructionproof, force-balance, non- 
bleed replay for economical, maintenance-free 
3-15 psi or 3-27 psi signal transmission. Both 
indicating and nonindicating suppressed types 
available. 

Write for factful Bulletins 360 and 361 or ask 
your nearby Ashcroft Distributor to help you 
select the right transmitters and receiver gauges. 


ASHCROFT PNEUMATIC TRANSMITTERS 


A product of 


MANNING, MAXWELL & MOORE, INC. 


Gauge and Instrument Division « Stratford, Connecticut 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N.Y. 
Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 
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and Engineering Co. is handling the 
plant’s design. Engineering studies are 
currently under way and construction will 
begin this year with completion expected 
in mid-1963. 


Cook’s White 

Tank Coating Systems 
Provide Long-Life 
Protection and Appearance 
MOCO LILG 





These furnaces obtain the highest known 
pressures in the world. 





Here’s ‘how: Both Cook’s Tank White, and Cook’s Tankshield One-Coat White | Chemco Installs 250-psig 
are specially formulated to be gas proof and mildew resistant ...to provide tough. | Gas Reform Furnace 
long-lasting protection against corrosion. And highly reflective Cook’s whites repe | Office National Industrial De L’Azote 


hot sunrays, keeping evaporation losses within the tank to a minimum. Cook system: | (ONIA) has placed a high pressure gas 

: z 4 ir: reform furnace on stream at its ammonia 
are also self-cleansing ... retain their excellent appearance. For long-term dividends, | njant in Southern France. The unit, 
invest now in Cook's exterior tank coating systems. which was designed and built by Chemi- 


cal Construction Corp., New York, oper- 
Cook's Tank Paint White is a long-oil alkyd resin base finish with bees os e pug. sate pRayone tae 
_— ° . ) - Cc euo Oo S proyec 
years of proven durability. Ideal for both new and old tank installation taige eager ag, agp ie oe 


: ; : ; no gas reformer in the world had ever 
... it provides good build and a tough film right from the start. | operated at pressures above 175 psig. 


: . Chemico’s latest design innovation for 
Cook's Tankshield-A One Coat White is a long-oil alkyd resin base the production of synthesis gas eliminates 
finish, and Cook’s Tankshield-S One-Coat White is a long-oil epoxy the necessity of one of the numerous 
ester base finish with extra resistance to mild chemical and coastal | compression stages normally required in 
corrosive atmospheres. Both save you important money on application | a plant of this type by reforming natural 
ea: . ° | yaec s e . _ 956 . 
costs. Under normal outdoor spraying conditions, 3 mils wet film ee 2 Peete of 250 psig. ae 
thickness may be applied with one pass of the spray gun—and three | he new design also results in im- 
; proved heat recovery in the combined gas 
such passes may be made without danger of sagging. Result: a dry ‘ 


reform and CO, removal system allowing 
film thickness of 5 to 6 mils with only one coat. heat to be exported to the rest of the 


Investigate Cook’s white tank coating systems now. plant. In the carbonate CO, removal 


And note this—in addition to whites, Cook’s can supply en absorption en regulated 
grays, aluminums, pastels or any other desired tank to allow new levels of regeneration effi- 
color. For tanks, Cook’s has it! ciency. 


Yacimientos Petroliferos Fiscales 
will build a refinery in Argentina to 
. produce high-octane gasoline and _ ben- 
COOK PAINT ANE GEemIOu Company : zene. The facility will be designed and 
stall iate las pa st aioli ‘| ot Bee constructed by Hydrocarbon Research, 
P. 0. Box 389 P.O. Box 5507 _—sawP-.O.. Box 3089 — Inc., New York and Minera Alumine, 


GRand 1-4800 UNiversity 1-1000 CApito!l 8-2391 Buenos Aires. The plz i ill ¢ 
d ‘ 1e plant, w 
Teletype KC584 Teletype DE293 Teletype HO29 rs “11° * - apace wr 
$15 million, will have a capacity of 
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Coming Soon—Weed Control Time 


The Tidewater Oil Company obtained excellent weed control 
around storage tanks at their Delaware Refinery by spraying 


Du Pont Karmex® and Du Pont Trysben® 200. The area was 
sprayed in the fall of ’59—the photograph taken early fall of ’60, 


Spray a Du Pont Weed Killer once—soon— 
to eliminate the hazard from fire 


Best way to control weeds is to pre- 
vent them from getting established. 
Spray key areas with Du Pont Telvar® 
monuron or ‘‘Karmex’”’ diuron weed 
killer—just once—right at the start of 
the season. That way, weeds will be 
killed, as soon as they sprout, by these 
chemicals which stay in the soil for an 
extended period of time to kill through 
the roots. In addition, spraying early 
gives you an entire season of freedom 


from the fire hazards and maintenance 
difficulties caused by weeds around 
tanks, pipelines and well areas. 

Du Pont also has the answer to the 
problem of deep-rooted perennials 
with ““Trysben” 200 weed killer. This 
new weed killer controls tough, broad- 
leaved perennials by acting through 
both roots and foliage. 

All three of these Du Pont Weed 
Killers are easy and economical to use. 


On all chemicals follow labeling instructions and warnings carefully. 


@UPOND WEED KILLERS 


RUG. u. 5. PaT.OfF 


BETTER THINGS FOR BETTER 


LIVING... THROUGH CHEMISTRY 


They are also non-flammable and low 


in toxicity to humans and animals. 

Why not plan this year’s weed con- 
trol program right now—and spray 
soon? A new booklet on Du Pont Weed 
and Brush Killers and free technical 
assistance is also available. Just mail 
the coupon. 


1 E. |. du Pont de Nemours & Co. (inc.) 

| Industrial & Biochemicals Department 

Room 2543-N, Wilmington 98, Delaware 

I Please send me your new booklet on Du Pont 
| Weed Killers. | would like to have assistance 
| in setting up an effective weed control program. 
| 

| 

l 

| 

| 

| 


Name 





Title or Position 





Firm 





Address 





Zone State 








OVERCOME CRITICAL 


NPSH conoitions wit 
ROTO-PRIMES 





TWO 
PUMPS IN 








ae 

Full Priming—With 
air or vapor in the 
lines, pressure of 
spring on top of the 
movable slide holds the 
priming pump in full 
priming position. 


Having trouble with loss of available 
NPSH when pumping liquid hydrocar- 
bons? Here’s your answer — Gilbarco 
Roto-Prime centrifugal pumps. Roto- 
: Primes are a unique integral combina- 
Partial Priming—As tion of a high efficiency centrifugal pump 
the pump evacuates and a variable-capacity positive vane 
air and vapor from . . 
the lines, liquid pres- type. Vane pump automatically goes into 
sure builds up on the operation whenever air or vapor enters 
underside of the slide, ° : * 3: 
moving it upward to- the centrifugal inlet, providing fast, 
ward neutral. positive automatic self-priming. These 
pumps, therefore, will continue to oper- 
ate when available NPSH drops below 
normal requirements. The 4” x 3” models, 
as an example, will pump air or vapor 
from 50 feet of four-inch pipe in less than 
60 seconds. Capacities up to 1,600 G.P.M. 


Neutral—When all air 
and vapor are re- Write 

moved, liquid pressure today 

equalizes spring pres- for 

sure and the pump au- catalog 

tomatically slides into and 

neutral. ..where it re- full Gilbert & Barker 
mains until air and information: Manufacturing Co. 
vapor again appear in West Springfield, Mass. 
the system. Toronto, Canada 
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| Building .. . 





8,000 to 11,000 bpd of high-octane gaso- 
line and about 700 bpd of benzene. The 
benzene capacity is expandable to 1,200 
bpd. The refinery will also include an 
| aromatics extraction unit and a cat re- 
former. Charge to the cat reformer will 
be up to 12,000 bpd of naphtha feed- 
stock. Located at San Lorenzo, the plant 
will process naphthas from YPF’s refin- 
eries at San Lorenzo and Campo Duran. 


Repegua Oil Refining Co. will soon 
begin construction on a $23-million re- 
finery at Matias De Galvez, Guatemala. 
Tentative plans place scheduled com- 
pletion date for the end of 1962. 


| Shell Refining Co. (Philippines), 


Inc., has awarded a contract for con- 
struction of a 25,000-bpd refinery to 
Bechtel International. The plant, set for 
completion in 1962, will be at Tabangao, 
Batangas Bay, on the island of Luzon. 


Lorraine Aniline, jointly owned by 
Houilleres du Basin de Lorraine and 


| Compagnie Francaise des Matieres 


Colorantes, will startup an aniline plant 
at Carling, France, on the Moselle River 
late next year. The plant will have a 
capacity of 1,323 tons per month. 


Imperial Chemical Industries, 
Ltd., plans to build a maleic anhydride 
plant at its Wilton, England, works. A 
new process will be used in which butene 
is oxidized with air. The facility, which 
will be operated by the company’s Heavy 
Organic Chemicals Division, will have 
an annual capacity of 10,000 tons. 


Fertilizantes del Istmos, S. A., will 
operate a plant on the Isthmus of 
Tehuantepec in Mexico to produce urea, 
ammonium nitrate, ammonium. sulfate, 
ammonium phosphate, superphosphates 
and other products. A major investor in 
the $2.5-million project is Pemex. 


Monsanto Chemicals, Ltd., will 
build a 5-million-pound-per-year fumaric 
acid plant adjacent to its $2.8-million 
maleic anhydride facility in Wales. The 
maleic facility has an annual capacity of 
15 million pounds. 


N. V. Maatschappij Tot Exploi- 
tatie Van Kooksovengassen plans 
to build an ammonium nitrate plant at 
Pernis, the Netherlands. Societe Belge de 
Azote et des Produits Chimiques du 
Marly will handle the engineering. Esti- 
mated daily capacity is 285 tons. 


Senegal government has given its ap- 
proval for the construction of a 2-million- 
ton-per-year refinery in the Cap Vert 
region near Dakar. Three firms, presently 
undertaking exploration in the country, 
will be concerned with the project. They 
are Soc. Africaine des Petroles, Soc. des 
Petroles du Senegal, and Cie. des Petroles 
de l’Afrique Occidentale. 
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If you make 
or use glycols 


HERE’S GOOD NEWS! 


* 


Sodium Borohydride Removes 





Trace Impurities Fast, At Low Cost! 


In less than an hour you can reduce 50% of the alde- 
hyde in your glycols without adding any significant 
costs to your product or process. Sodium borohy- 
dride works fast at room temperature and is 
extremely effective using any of three simple 
treatment techniques. 

In pellet form, sodium borohydride is ideal for 
fixed-bed purification. In powder or liquid form 
(SWS) you can add small amounts directly to your 
process stream. Or, even easier, add borohydride 
to your glycols while packaging them in drums. 
The borohydride will “clean up” contaminents while 
glycols are in inventory or in transit. For re-cycling 
contaminated glycols, borohydrides are equally 
effective and easy to use. 


At today’s record-breaking low prices, if you make 
or use glycols—especially for plasticizers—it makes 
good sense for you to get facts now! Complete infor- 
mation, samples and on-the-spot technical service 
are yours for the asking! 


. MORE NEWS! MHI Introduces Lithium Aluminum 
: tri-t-Butoxy Hydride! An important new hydride for the 
. reduction of acid chlorides to aldehydes and the stereo- 

specific reduction of steroid ketones to hydroxy 
. derivatives. Information and 25G samples* are free. 


*Shipped express collect 


PIONEERS IN HYDRIDE CHEMISTRY 


Metal Hydrides Incorporated 


603 CONGRESS STREET, BEVERLY, MASSACHUSETTS 
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Space-saving Grinnell Constant Support Hangers give uniform support throughout all positions of travel 


Grinnell Pipe Hangers handle the high 
temperature piping at Sun Oil refinery 


At Sun Oil Company’s Marcus Hook, 
Pennsylvania refinery, pipe lines often 
heat up over 500°F! When pipe lines 
get this hot, thermal movements be- 
come a big problem. The answer: 
Grinnell Hangers. 

Grinnell Constant Support Hang- 
ers are used where reactive forces at 
terminal points — and stresses within 
the pipe resulting from weight trans- 
fer — must be minimized. 

Grinnell Variable Springs are used 
where pipe lines, subject to vertical 


movement, can absorb controlled 
additive forces and stresses resulting 
from weight transfer. 

A third type of Grinnell device 
Grinnell Sway Brace — is available 
for preventing abnormal horizontal 
movement or vibration. 

For a complete line of engineered 
pipe hangers and supports . . . for 
skilled assistance right from the 
design stage . . . for experienced field 
engineering service . call on 
Grinnell Co., Providence 1, R. I. 


Pre-compressed Grinnell Variable Spring Hangers 
provide minimum variation in supporting force 


(i, 


GRINNELL AMERICA’S #1 SUPPLIER OF PIPE HANGERS AND SUPPORTS 


Pipe Fittings, Valves, Pipe Hangers, Prefabricated Piping, Unit Heaters and Piping Specialties 


Branch Warehouses and Distributors from Coast to Coast 
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Building... 





Saudi Arabian Refinery Co. 
(SARCO) has received approval to con- 
struct a 20,000-bpd refinery on the Red 
Sea coast of the Arabian Peninsula. No 
date has been set to begin construction, 
but Ralph M. Parsons Co. has a contract 
to build the plant. Aramco presently 
operates a 189,000-bpd refinery on the 
eastern side of the Arabian Peninsula. 


Vietnam government has selected a site 
at Camranh, 180 miles northeast of Sai- 
gon, for a proposed 22,000-bpd refinery. 
The government is still reviewing two 
offers to build and operate the plant. One 
from Shell Oil Co. and Standard 
Vacuum Oil Co., jointly, and another 
from Summit Industrial Corp. and Phil- 
lips Petroleum Co., jointly. 


Imperial Chemical Industries, 
Ltd., plans to build a 20,000-bpd re- 
finery on the north bank of the River 
Tees in England. The facility, which 
marks ICI’s entry into crude refining, 
will be used mostly to produce naphtha 
for the firm’s three olefin plants at 
Wilton. 


Grange Chemicals Co., Ltd., (Brit- 
ish Hydrocarbon Chemicals and Cali- 
fornia Chemical) plans to build a 15,000- 
long-ton-per-year phthalic anhydride 
plant at its Isle of Grain refinery, Kent. 
The plant will run orthoxylene supplied 
by an aromatics plant being built at the 
refinery. 


Petrocarbon Developments, Ltd., 
has signed an agreement to supply Ru- 
mania with a polystyrene plant. The 
plant, to cost $2.24 million, will use 
Petrocarbon’s suspension polymerization 
process to make all types of general- 
purpose and impact grades of poly- 
styrene. 


Esso Petroleum Co., Ltd., will build 
a butyl rubber plant at its Fawley, 
refinery near Southampton, Hampshire, 
England. The installation, to cost $12.5 
million, will be capable of producing 


25,000 tons yearly of the elastomer. | 
Foster Wheeler, Ltd., will handle con- | 


struction. 


Societe Tuniso-Italienne de Raf- 
finage (STIR), Tunis, Tunisia, is ac- 
cepting bids for the design, construction 
and operation of an oil refinery. Location 
of the project has not yet been deter- 
mined but indications are it probably will 
be built in Northern Tunisia at the ports 
of Bizerte or La Goulette. STIR is a 
joint government of Tunisia and Ente 
Nazionale Idrocarbori organization. 


Petrogas Processing Co. has been | 
formed by 28 oil companies to build, | 
own and operate a $13-million gas proc- | 


essing and sulfur plant in the Calgary, 
Alta., gas field. 
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FROM THE HOT HAMMERS AT 


BONNEY 


THE WORLD'S FINEST 


yf 7 
FITTINGS 


BONNEY’ 


WELDOLETS® 
THREDOLETS® 
10) 61.46) B-1;)) 
ELBOLETS® 
BRAZOLETS® 
SWEEPOLETS® 
eeeeeeeeeee 
CARBON STEEL 
STAINLESS 
ALLOY 

for all services 
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Avondale 600-ton lift lowers 242’ 0.A. by 16’ O.D. tank into position on Phillips Petroleum Company barge. This unit, one 
of two refrigerated propane-ammonia barges ve for Phillips Petroleum, are the largest tank carriers yet to be con 
fe) 


structed for the chemical or petrochemical industry 


r this type service. The heavily insulated tanks will carry 1700 tons 


of anhydrous ammonia, refrigerated to minus 28 degrees F., by equipment installed on the barge. 


This liquid chlorine carrier was built by 
Avondale for Monsanto Chemical Co. and 
measures 195’ x 35’ x 11’. It contains 
six tanks, each 8'8"’ O.D. x 70’0"’ in 
length. The capacity of this barge loaded 
is 900 tons of liquid chlorine. 


AVONDALE BARGES 
SUPER CARRIERS WITH A DIFFERENT MISSION 


Liquid chlorine is being transported by 
this 175’ x 26’ x 11’ cargo barge for the 
Diamond Alkali Company. Four independ- 
ent tanks were mounted on saddles and 
retained by adjustable 3"' x %"’ flatbar 
straps. 


Hull of Phillips Petroleum barge ready 
for launching at Main Yard. Hopper 
design accepts two saddie-mounted 
tanks. The lead barge measures 305’ x 
44’ x 12'6", the trailing barge 284’ x 
44' x 12'6"'. The pair are designed to be 
handled either independently or as an 
integrated tow. 








Spread on these pages you will see a portion of the 
ever-increasing Avondale-built barge fleet—carriers 
with a different mission. They're big, they’re spec- 
ialized—they’re super carriers—custom-built for the 
chemical and petrochemical industries. 


Avondale is admirably suited for complete responsibil- 
ity in this type construction. Fabricating facilities 
include the largest and most progressive shipyard on 
the lower Mississippi, a complete foundry, and the 
finest technical know-how in the business. 


Our best references include a long list of the most- 
respected names in the chemical and petrochemical 
industries. 


We would welcome the opportunity to quote your 
company in regard to its specialized barge require- 
ments. 


In service for a chemical transporting One of two independent pressure tank 

company. Liquid caustic soda tank barge. barges completed for Union Texas Nat- 

Capacity 1682 tons. Size: 205’ x 40’ x 11’. ural Gas Corporation. Each barge meas- 
ures 273’ x 41' x 12'6". Each barge 
contains four cargo tanks 112’ in length, 
each tank with a capacity of 165,000 
allons, for a total barge capacity of 
60,000 gallons. 


AVONDALE SHIPYARDS, InNcC. 


P. O. BOX 1030 e PHONE UNiversity 6-4561 e NEW ORLEANS 8, U.S.A. 





Largest cold steel plate roll of its kind in 
the Gulf South. This Bertsch roll in the 
Tank Shop has a capacity of 4%". 


_— <n 
Specialized tank fabricating facilities. 
Foreground; tank nearing completion on 
aligning platten, left background; tank 
being stress relieved in Avondale 18’ x 
18’ unlimited length stress-relieving 
furnace. 


—? 
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Tank and pressure vessel sections are 
welded together automatically on pow- 
ered rolls in the Tank Shop. 


Facilities to bulld, and facilities and 
capacity to move and lift—Avondale has 
both. The 600-ton lifting device lowers a 





What's Happening in HP’ 1... 





Processes and Products .. . 
Petrochemicals Picture 


As petrochemicals continue to domi- 
nate the proeessing scene, Standard Oil 
Co. (New Jersey) the world’s largest oil 
company, looms among the top 10 chem- 
ical companies. Its vast, world-wide ex- 
pansion indicates an intention to stay 
there or get bigger. In the words of Jersey 
Standard’s President Rathbone, “petro- 
chemicals provide Jersey with one means 
to diversification, and a vigorous push to 
find new uses for oil is another.” 

The obvious reason: Although the word 
“petrochemicals” was not in the oil- 
man’s lexion before World War II, it is 
now one of the world’s fastest growing 
and most important industries. Petro- 
chemicals represent 57 percent of the 
dollar value of all chemicals manufac- 
tured in the United States. There are 
about 3,000 chemicals derived from 
petroleum—300 classified as important 
commercially, and 50 as large-volume 
basic items. The big picture for the fu- 
ture: More than 500,000 useful organic 
compounds from petroleum hydrocarbons 

a staggering potential. 


Automation and Catalysts 


A newly-developed instrument analyzes 
catalyst automatically. The catalyst’s total 
surface area, pore volume, and pore size 
distribution can now be measured with- 
out requiring the continued attention of 
a laboratory man. Results: Nearly 14 
man-hours saved for each test run. 

Based on the nitrogen adsorption tech- 
nique, the new analytical device was de- 
veloped by Gulf Research & Develop- 
ment Co. It works like this: First, all 
air is evacuated from the catalyst sample 
and it is cooled to 319° F. Then the 
automatic programing takes over. With 
a pre-set time cycle, the analyzer repeti- 
tively doses the sample with small, con- 
trolled amounts of nitrogen gas. When 
pressure over the catalyst reaches atmos- 
pheric, the device reverses the cycle by 
automatically 
amounts of 


removing controlled 
Electronic data pro- 


cessing of the system’s pressure gives the 


gas. 


final catalyst analysis. See photo on page 
335 


Natural Gas Fuel Cell 


A new natural-gas fuel cell is being de- 
veloped under a research program 
started jointly by Houdry Process Corp. 
and Northern Natural Gas Co. Their 
goal: A fuel cell powered by natural 
gas that can produce electricity directly 
in homes and plants. Houdry’s job will 
be to develop a catalyst for the process. 
Work on the project will be done at 
Houdry’s Linwood, Pa., laboratories. 
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Carbide and Nylon-7 


Nylon-7, previously reported by the 
U.S.S.R., is being worked on by Union 
Carbide Corp. Carbide found the ma- 
terial had characteristics rivaling those of 
nylon-6 and 6/6. These qualities include 
higher softening and melting points. The 
company has also completed work on a 
process for making the preferred mono- 
mer, ethyl 7-aminoheptanoate, from 
cyclohexane. This process is reportedly 
industrially applicable. Meanwhile, Esso 
Research and Engineering Co. has come 
up with a polymer-sulfonating process 
that avoids cross linking. The method in- 
volves complexing the sulfur trioxide with 
phosphates. 


Orthoxylene Catalyst 


A new catalyst for making phthalic an- 
hydride from o-xylene or naphthalene 
separately or in mixtures) may be li- 
censed to other firms by Scientific Design 
Co. The company had previously licensed 
only to SD-designed units. Licensing 
would be handled by an SD subsidiary, 
Catalyst Development Corp. The conver- 
tible catalyst allows plants to produce 
phthalic anhydride from o-xylene at the 
same capacity and from the same reac- 
tion system and catalyst as it does from 
naphthalene. 


Growing Plastics Family 


The unity of acrylates and olefins may 
result in a new family of plastics being 
worked on by Dow Chemical Co. The 
product: A copolymer of ethyl acetate 
and ethylene to compete with vinyls. 
Union Carbide Corp. is also said to be 
working on a similar project. The Dow 
product claims better stress-cracking and 
skinning properties than polyethylene. 
The Carbide process involves copolymer- 
izing alkyl acrylates and ethylene, using 
oxygen or peroxide catalysis. Preferred 
molar ratio range would be 100:1 to 
250: 1. 


Copper in Gasoline 


A study on the development of copper 
compounds as additives for gasoline has 
been awarded to Quantum, Inc., Walling- 
ford, Conn. According to Dr. Charles H. 
Moore, technical director of Copper 
Products Development Association, this 
$42,000 project is part of a multi-pronged 
program aimed at finding new products 
for utilizing the known catalytic proper- 
ties of copper advantageously. 


Additives and Carburetors 


A gasoline additive already used by re- 
finers and marketers to protect processing 


and transportation equipment from cor- 
rosion also prevents fouling of carbu- 
retor throats, recent Universal Oil Prod- 
ucts Co. tests show. UOP engineers claim 
road tests show the additive removes car- 
buretor deposits better than earlier prod- 
ucts formulated especially for that pur- 
pose. The tests were run on a 1959 Ford 
station wagon driven daily in Chicago 
traffic. To accelerate the fouling rate, 
crankcase breather fumes were piped di- 
rectly into the carburetor, by-passing the 
air filter. 


Petronaphthalene 


Petrochemical naphthalene may be the 
starting material for a new family of 
petrochemicals. Collier Carbon & Chemi- 
cal has developed a process that extracts 
2-methyl-naphthalene from a_hydrode- 
alkylation plant’s feedstream. The prod- 
uct’s use: A starting material for making 
2,6 naphthalic acid, which is similar to 
terephthalic acid. Result: A possible raw 
material for a new generation of poly- 
ester-type fibers and films. Some end uses 
would include detergent alkylates, analo- 
gous to dodecyl benzene. In plastics, an 
active group can be attached to the naph- 
thalene ring, resulting in a monomer 
much like styrene. 

The other side of the picture: Ashland 
Oil & Refining sees “possibilities’ in poly- 
nuclear molecules based on naphthalene, 
but has no plans to enter this area. Mean- 
while, Hydrocarbon Research, which initi- 
ated the HDA dealkylation method, does 
not look for big developments in naph- 
thalene chemistry. Instead, the company 
is concentrating on ethylbenzene. 


The International Flavor . . . 
Germans and Plastics 


In West Germany, “plastics” is the 
magic word as capacity for these diversi- 
fied products currently amounts to two 
billion pounds annually. Germany also 
has taken over first place in per-capita 
plastics consumption—26.8 pounds per 
person compared with 24.6 for the 
United States. Consumption has far out- 
stripped production. Result: German im- 
ports of plastic materials in 1960 netted 
U.S. marketers more than $67 million. 
Polyolefins are the biggest gainers exceed- 
ing vinyls by a slight amount, while ex- 
ports of plastic material are still strong, 
having hit the $200-million mark in 1960. 
Meanwhile, on the international scene, 
plastics production is estimated at 12 bil- 
lion pounds annually. This could easily 
climb to 40 billion pounds in the next 30 
years, with more and more applications 
in the construction field. 
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WARREN QUALITY 
WARREN QUANTITY 
WARREN SERVICE 


Assures you of 


DEPENDABLE DELIVERIES OF 
NATURAL GASOLINE 


Whatever the grade, whatever the volume 


e WHEN you want it, 
bad WHERE you want it, and the 
e WAY you want it. 


TULSA, OKLAHOMA 


EXPORT TERMINALS: GORPUS CHRISTI, PORT ARTHUR, BAYTOWN, 
TEXAS CITY AND WARRENGAS, HOUSTON, TEXAS, SAN PEDRO, CALIF 











DRENCHED 4 54a 


This safety station is part of the compre- 
we AW & hensive safety program maintained by 
the General Electric Company at its Ap- 
pliance Park, Louisville, Kentucky. Gen- 


F M FE ~ G FE N C Y eral Electric considers its safety record 


a prime achievement,and provides Haws 
F A C | L | T | 7 S Emergency Facilities at critical locations 
throughout the production areas. 
e Drench Showers ¢ Eye-Face Wash Fountains 


Not just a shower ...a HAWS DRENCH SHOWER! A quick pull of the 
chain releases a solid sheet of water to rid body and clothing 
of dangerous chemicals and caustics. Safety in seconds—saving 
vital moments until medical aid arrives, perhaps avoiding 
serious injury. HAWS Eye-Wash Fountain, too, is ready to 
flood eyes from specially designed fountain heads. These are 
only two items from HAWS complete line of emergency facil- 
ities to meet every industrial need. Safety authorities stress 
the necessity of instant irrigation for eye or body contamina- 
tion. Provide for it with HAWS equipment. Get the full facts 
now, by writing... 





DRINKING FAUCET COMPANY 


Leader in drinking water facilities since 1909 
1443 FOURTH STREET + BERKELEY 10, CALIFORNIA 
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Happenings .. . 





Engineering in Russia 


A look at the Soviet chemical engineer- 
ing picture reveals they have made good 
progress—but in some cases, particularly 
in the adsorption field, they have not ap- 
plied their research and theory industri- 
ally. This was revealed in a new report by 
the Office of Technical Services, Business 
and Defense Services Administration, 
and contrasts with an earlier U.S. govern- 
ment report on acetylene technology 
OPD, November 21, 1960) said to have 
been compiled by the Central Intelligence 
Agency. The new report was compiled 
from U.S.S.R. technical literature. 

Says the report: While Russia has 
made no sensational advances, their prog- 
ress in general has been good in chem- 
ical engineering adsorption operations, 
crystallization, and extraction. The big 
picture: Wise use of math and technics 
with expanding interest and ability in in- 
dustrial-process and equipment develop- 
ment . . . Adsorption progress good, but 
industrial application weak . . . Use of 
Western techniques to improve in crystal- 
lization field . . . Growing research and 
application in extraction field . . . Process 
development good but plant equipment 
design lags, reducing plant applications. 


Pemex Gets the “Brakes” 


The Mexican national oil company, 
Petroleos Mexicanos, has been ordered 
by the Mexican government to sharply 
curtail its expansion and spending plans 
for 1961. There has been strong govern- 
ment criticism in recent weeks of Pemex’s 
extremely fast expansion, especially in 
1960. 

Some of the problem areas: too much 
crude oil production—not enough refin- 
ing and storage capacity to handle it. 
Also, local manufacturing firms are hav- 
ing trouble keeping up with equipment 
demand. Result: Some _ petrochemical 
projects will be abandoned during the 
first half of 1961, and perhaps for the 
whole year. Most experts are taking a 
“wait and see” attitude. No one seems to 
know yet when the company will be al- 
lowed to continue expansion, nor how 
much the petrochemical plans will be 
effected. For background material on 
Pemex’s original vast expansion plans, see 
the May 1960 issue, PerroLEUM REFINER, 
page 273. 


A Challenge From Italy 


Expansion in petrochemicals has high- 
lighted the growth of the Italian chem- 
ical industry, according to Dr. Bartolo- 
meo Orsoni, Director of Development, 
Engineering, and Patents Division of 
Montecatini Co., and Dr. Mario Otto- 
lenghi, vice president of Novamont Corp., 
Montecatini’s American subsidiary. 

In a paper presented before the 44th 
National Meeting of AIChE, Dr. Otto- 
lenghi reported that between 1957-59, 
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Heater for Humble’s Bayway Refinery at Linden, New Jersey. Large capacity, high thermal efficiency. Specially 


designed integrated heater, air preheater, auxiliaries and stack in compact design to occupy minimum plot space 


Lummus Oil Heater for Humble’s Bayway Refinery 


meets three tough design requirements 
LARGE CAPACITY, HIGH EFFICIENCY, LONG RUNS 


Humble Bayway knew exactly what they wanted in a re- 
placement heater and turned confidently to Lummus to 
meet their difficult design requirements. 

First, the heater had to be large enough to service this 
giant Cat-Cracker; now one of the largest in operation. 

Secondly, Humble wanted a high thermal efficiency, 86% 
as compared with the usual 75-80%. In the Lummus design, 
the heater utilizes Ljungstrom Air Preheater and integrated 
blower and duct system to attain high thermal efficiency. 
Operating performance has been consistently high. Humble’s 
big fuel savings have more than made up for the slightly 
higher capital investment for air preheat equipment. 

Finally, there was one other difficult design condition. 
The new heater would be required to operate for long 
periods without shutting down for maintenance or cleaning. 
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The Lummus design included steam soot blowers which 
have kept both the bare tubes and studded tube in the con- 
vection section clean. The heater fires on heavy residual 
fuel oil having a very high solids content. 

Lummus designs horizontal and vertical tube oil heaters 
to any size from 100,000 to 300,000,000 BTU /Hour for any 
process, anywhere in the world. Because Lummus offers 
every type of oil heater, you can be sure that we will recom- 
mend the right unit for your needs. Consult with Lummus 
on your next oil heater—large or small. 


THE LUMMUS COMPANY, Oil Heater Division, 
385 Madison Avenue, New York 17, New York, Houston, 
Washington, D. C., Montreal, London, Paris, The Hague, 
Madrid; Newark, N. J. 
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consumption of petroleum products in 
Italy increased 73 percent. He said this 
gain is particularly significant since the 
country did not begin producing petro- 
chemicals until 1950. Production facilities 
for these materials now represent an in- 
vestment of over a half billion dollars. 


Of the wide range of materials derived 


NATION’S | from petrochemicals, plastics have proved 
| to be the forerunner, Dr. Ottolenghi 


LEADING stated, noting that between 1953 and 
1960 production increased 83 percent 


reaching 660 million pounds in 1960. He 

MANUFACTURERS | said thet growth of the Italian plastics 

industry is out-pacing that of any other 

| country, including the United States and 

Germany. Montecatini now produces al- 

most the entire line of existing plastics, 
he said. 





Polyethylene for Russia 
Stainless steel tower J # . ; ; 
test furnace rig. Suit- i. 2 ‘ se .° oqo) ee Sey A deal has been signed giving fou 
able for high temper- ah en Soviet-bloc nations British polyethylene 
ature and highly i know-how (announced tentatively in 
corrosive gases ' January 1961 Perroteum REFINER, page 

} i 10). The benefactors: Imperial Chemical 
Industries, Ltd., and Simon-Carves, an 
engineering firm. The recipients: Poland, 
Rumania, Czechoslovakia and East Ger- 
many. Simon-Carves’ contract was worth 
Mi well over $19 million, while the ICI 
FOR QUALITY CONTROL SPECIALISTS IN INTRICATE FABRICATION contract has not been revealed in full. 


USING: STAINLESS STEEL - ALUMINUM - Basic polyethylene patents, an ICI de- 

Magnetic particle inspection MONEL + NICKEL - INCONEL - ALL CLAD os of the 1930s, have = 

Mass spectrometer testin and the firm is negotiating with Soviet 

X-ray "tee . MATERIALS + NICKEL PLATED STEEL chemical organizations in Moscow on a 

Penetrant dye checking High pressure vessels; extractors; mixers; §% | variety of processes. General reaction of 

stills; kettles; tanks; stacks; breechings; most U.S. firms: Wide-eyed amazement 

hot transfer lines; large diameter fabri- at the surrender of secrets pertaining to 

end Chemical Gag ne cated piping and plate exhaust ducts; this highly strategic material. The con- 

Catalog shop and field erected storage tanks. census of opinion is that it will be some 

Fabrication to all A. S. M. E. Codes. time before Russian consumers enjoy 

Call or write for a consultation with a trained Koven representative and send for bulletin 550 polyethylene-film bags. The versatile 

plastic, essential in the electronics indus- 
try, is basically a war material. 


See Sweet's Catalog File 





In Labor Relations . 


Shorter Hours in HPI 


O. A. Knight, president of OCAV, i 
requesting that AFL-CIO Executive 
Council get behind his plan to automati- 
cally cut back work hours when national 
unemployment becomes a big problem. 
Weekly and daily hours worked would 
be adjusted to number of unemployed, 
with take-home pay maintained or in- 

‘oe KNOW. mm 8 creased, even though working hours 
_« te mae Con aoe a wae | would diminish as unemployment went 

. af up. Knight’s goal: Government enforced 

. shorter work week and day when US. 
ot Bureau of Labor Statistics reports too 

much production, growing unemploy- 

¢1~_ FABRICATORS, INc. ment, and decreased consumption. Also, 
more employment opportunities on TVA- 
Telephone: New Jersey: FOxcroft 6-0400 MArket 3-8150 New York: REctor 2-1160 type government projects that could be 


93-R EAST DICKERSON STREET, DOVER, NEW JERSEY abandoned in high-employment periods. 
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CONTROL...essential element in economy! 


In any engineering or construction project the real basis of economy is fast completion. Brown & Root has 
become legend for putting plants ‘‘on the line’’ ahead of schedule. This is possible because, with its 
own personnel and equipment, Brown & Root has the capability of a ‘‘turnkey’’ job. Every step is care- 
fully controlled, from engineering through the manifold steps of construction and equipment installa- 
tion. This ‘“‘control’’ can be interpreted in fast, economical completion for you. lf your organization is 


planning new construction or plant expansion, you'll profit by talking to the man from Brown & Root. 


BROWNsRO00I: 


ENGINEERS « CONSTRUCTORS 


NEW YORK TORONTO 
LONDON EDMONTON 
MONTREAL SAO PAULO 


WASHINGTON 


POST OFFICE BOX 3, HOUSTON 1, TEXAS CABLE ADDRESS: BROWNBILT 
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IDEA CHEMICALS IN REFINED PRODUCTS. cause Armour additives have an affinity for metal 

Armour cationic aliphatic organic chemicals help surfaces; reduce gum formation; improve filterabil- 

meet the strict specifications required of refined ity; control bacteria; neutralize free acids; act as 

products by new technological advances. They have oiliness agents to improve lubrication; stabilize color. 

suggested many applications ideas to refiners be- Almost any refined product can use an Armour 
chemical. 


PETROLEUM CHEMICAL SALES DEPARTMENT 
Armour Industrial Chemical Company gay 


One of the Armour Chemical Industries « 5738 N. Central Expressway « Dallas 6, Texas 
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IN GASOLINE—PREVENT CARBURETOR 
ICE ACCUMULATION, REDUCE ENGINE 
STALLING. The addition of DUOMEEN® to 
gasoline prevents ice from accumulating in auto- 
mobile carburetors and eliminates resultant trou- 
bles. Duomeens also inhibit corrosion in gasoline 
transmission lines and storage facilities. They are 
efficient even at low concentrations: 1000 barrels 
of gasoline require only 1.5 to 4 gallons of Duomeen. 


IN YOUR APPLICATION, TOO! 


Armour’s new research facilities are geared 
to meet the most demanding require- 
ments of refiners. For details on how 

refiners’ needs are being resolved, write 
for Armour’s new booklet on Armour 
Idea Chemicals for Oil Refiners. 

Just send the coupon. 
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IN FURNACE OIL AND DIESEL FUEL 
OIL —INHIBIT GUM, DISPERSE SLUDGE. 
Armour ARMOLAD® inhibitor-dispersant addi- 
tives combat gum formation and disperse pre- 
formed sludge into finely divided particle sizes. 
Results: improved filterability and minimized noz- 
zle-clogging. Added benefits include color stabili- 
zation with no serious emulsion problems. Cost is 
as low as 0.5¢ per barrel of oil. 


@eeeeeeeeeee 


ARMOUR INDUSTRIAL CHEMICAL COMPANY 
5738 N. Central Expressway, Dallas 6, Texas 


Please send me your new booklet on Armour Idea 
Chemicals for Oil Refining. 


Name.......... Title 


Company... 
Address 
State 


City... Zone 
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How ACCURATE 


can an oil drop get ? 


Precise and punctual is the best way to describe an oil drop metered 
by a Manzel force-feed lubricator. Model “82”, for example, will 
deliver an exact amount of oil exactly where it belongs at exactly 
the right point in the cycle of your mechanism. The positive sight 
feed shows you the oil on its way to work after it’s passed through 
the pump. Our Model “82” is built for pressures up to 6000 PSI 


and “round the clock service”! For 


Te | 
ar 


details on “82” or any of our complete 
line of lubricators, write for our catalog. 
Manzel, 256 Babcock Street, Buffalo 10. 
New York. To lubricate with mathemat- 


ical precision, just 


ask the man from 


, ° 

HOUDAILLE 

tN as 
~srp E> 


SPECIALISTS IN LUBRICATORS AND METERING PUMPS SINCE 1898 
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The Welfare State 


The big trend on the labor front is 
“welfare’—more and bigger forms of it, 
with unions accelerating a two-headed 
drive for more thorough and lasting bene- 
fits. Result of their success: Increased 
costs for all employers and more pressure 
for higher consumer prices. The unions 
will put the squeeze on the government 
for increased benefits to be paid for by 
higher taxes, and on employers for more 
welfare programs to be paid for with 
profits and higher costs to consumers. 
Look for the wage spiral in the HPI to 
continue, with more emphasis on (1) Life 
Insurance—to remain in effect when un- 
employed and retired (2) Sick Pay- 
guaranteed when employe is ill, (3) Un- 
employment Pay—bigger payments, 
federal control, more from employers, 
(4) Medical Care—to pay both hospitai 
costs and doctor bills, (5) Hospital Care 
—to cover dependents and stay in effect 
when retired or laid off. 


Scanning Supply, Demand .. . 
Runs and Imports 


© Refinery Runs—Crude runs to stills 
in March dropped to under 7.9 million 
bpd by the end of the month. This was 
more than 500,000 bpd under the Feb- 
ruary peak. The big picture: Refiners 
will need to stay at the 7.9-million-bpd 
level through June to avoid aggravation 
of already high inventories of refined 
products. 


@ Demand Outlook—Petroleum de- 
mand for May-July is expected to de- 
cline seasonally and average 9.3 million 
bpd or 1.8 percent higher than the same 
months of 1960. Total petroleum de- 
mand during the first quarter 1961 aver- 
aged 10,705,000 bpd, 95,000 or 1 per- 
cent less than during the same period 
of 1960. Gasoline hit a high of 92,000 
bpd at 2.4 percent over first quartet 
1960. 


® Imports—Crude and unfinished oils 
imports averaged 1,150,000 bpd during 
first quarter 1961. Controlled imports 
exceeded the allocation level for the 
first six months of 61 by about 100,000 
bpd. Imports of crude in the second 
quarter this year are expected to be 





| 


down 200,000 bpd from the first quarter 
level. 


Gasoline Picture 


Total gasoline consumption during the 
second quarter of 1961 will be at a rate 
of 4,505,000 bpd, an increase of 1.9 per- 
cent over the corresponding period of 
1960, a Du Pont study predicts. The fore- 
cast estimates that domestic motor gaso- 


PETROLEUM REFINER—V ol. 40,.No. 5 





What a tough way to come into the world! 


The piercing operation is one of the first 
steps in creating seamless tubing from a 
solid section of steel. After we set the 
hot steel billet in place, we ram it. Spin it. 
Push its insides out. And stretch it into 
a tube many times longer than the origi- 
nal piece of steel. 


Consider the grueling way USS Na- 
tional Seamless Pressure Tubes are 
made and all the rigid tests to pass be- 
fore we'll ship. You can see why they are 
the strongest, safest refinery tubes you 
can buy. Contact your National Tube 
Distributor for USS National Seamless 
Pressure Tubes. uss ana National are registered trademarks 


This mark tells you National Tube 
eo Pe acyl aateg Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco 
Pacific Coast Distributors 

United States Steel Supply Division 

United States Stee! Export Company, New York 
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VALVE OPERATORS 


Adaptable to 
NEW and 
EXISTING VALVES 


S 
A 
D 
I 


THOUSANDS of operators in 
service throughout the world, 
typical examples of SADI 
power transmission 
equipment quality 


5s HAULAGE CAPSTANS 


A TRANSPORTABLE 
D ECONOMICAL 
T DEPENDABLE 


SADI 


BRUSSELS 19 
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line will be used at a rate of 4,312,000 
bpd in the second quarter, up 2.2 percent 
from 1960. Domestic aviation gasoline is 
forecast at 160,000 bpd, a gain of 2.6 
percent. This increase, the report says, is 
due to a low rate of consumption during 
the second quarter of 1960. It does not 
reflect any basic change in the downward 
trend in aviation gasoline demand. 

Gasoline production in the second quar- 
ter is forecast at 4,143,000 bpd, an in- 
crease of 0.4 percent over the 1960 figure. 
However, relative to the predicted rate 
of consumption, this level of production 
will permit about 31 million barrels to 
be withdrawn from inventory. On this 
assumption, gasoline stocks at mid-year 
are forecast at 193 million barrels, or 2.5 
percent lower than the 198 million on 
June 30, 1960. 

Consumption of gasoline in the first 
quarter of 1961 is estimated to have been 
3,828,000 bpd, or 1.3 percent ahead of 
the 1960 rate. This was a smaller gain 
than previously forecast, due to an un- 
explained fall-off in demand for domestic 
gasoline in March. 

First quarter domestic motor gasoline 
consumption was 3,635,000 bpd, up 2.0 
percent over the corresponding 1960 
period, while domestic aviation gasoline 
was 160,000 bpd, off 11.1 percent. Gaso- 
line production for the first quarter was 
+,117,000 bpd, a decline of 0.5 percent 
from 1960. Stocks at the end of the first 
quarter stood at 224 million barrels, 0.4 
percent above the 1960 figure. 


The News in Brief .. . 
NSC Award for REFINER 


For the fourth consecutive year, PEr- 
TROLEUM REFINER has won the National 
Safety Council’s Public Interest Award, 
given annually to deserving media in the 
mass communications field. Winners of 
the award are cited for “exceptional 
service to safety.” This year, PETROLEUM 
REFINER was the only publication special- 
ized to the hydrocarbon processing in- 
dustry (HPI) which won the NSC 
Award. There were 56 other trade and 
technical magazines who received it. 

Established in 1948, the Public Interest 
Awards are presented in recognition of 
“leadership, initiative and originality by 
the mass media in promotion of accident 
prevention.” Award winners will receive 
plaques. 


Evaporating Dollars 


The magnitude of loss by evaporation 
in producing and storing crude oil until 
it can be transported to a refinery, stor- 
ing it until it can be processed, and in 
storing products until they can be con- 
sumed, is tremendous. So said Standard 
Oil Co. of Ohio’s technical advisor in 
commercial research development, J. M. 
Dempster, at the recent annual WPRA 
meeting in San Antonio. 

His analysis: “This loss has been esti- 
mated by various sources as being two 
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to three percent of the total crude oil 
produced. Assuming a 6.8-million bpd 
production rate and a $4-per-barrel value 
for average lost hydrocarbons, the loss is 
estimated at $250 million a year. About 
40 percent of this is lost in production 
and handling, 36 percent in processing, 
and 24 percent in production, transporta- 
tion and marketing. Refiners are gener- 
ally proud of their relative low loss fac- 
tors during processing, and have the 
equipment to handle vapor and light 
ends. The big problem is in producing, 
which has a high loss percentage-wise, 
and marketing, where evaporation cen- 
ters on expensive end products.” 


Petrochemicals Study 


A new 19-man National Petroleum 
Council Committee to study U.S. petro- 
chemicals production capacity has been 
formed. NPC, acting on the Federal 
Government’s request to make the study, 
will examine all chemicals except carbon 
black, ammonia and synthetic rubber, 
made in plants owned or operated by 
oil and gas companies. This will include 
jointly owned companies in which 50 
percent or more of the ownership is held 
by petroleum or gas firms. Heading the 
committee will be Bruce K. Brown, for- 
mer president of Petroleum Chemicals, 
Inc., and now a New Orleans consultant. 
Interior Secretary Udall has named 
Thomas A. Peake, Office of Oil and Gas, 
to be government co-chairman of the 
group. 


It's Celanese vs. Du Pont 


Who’s on first? That’s the big question 
as Du Pont and Celanese go into court 
to decide if Celanese’ “Celcon” acetal 
copolymer resin (U.S. Patent 2,951,059 
conflicts with Du Pont’s “Delrin” poly- 
formaldehyde resin (U.S. Patent 2,768,- 
994). Celanese denies the conflict and is 
proceeding with plans to build a 20-mil- 
lion-pound-per-year plant at Bishop, 
Texas. Meanwhile, others who might 
enter this field observe from the sidelines. 
(Production of this product is estimated 
to be 200 million pounds by 1970. 
Potential producers of this versatile mon- 
omer: Heyden Newport Chemical Corp., 
Borden Chemical Co., Commercial 
Solvents Corp., and Reichhold Chemicals, 
Inc. 


Helium Fever for Uncle Sam 


The U.S. Interior Department has 
asked Congress for $27 million to initiate 
a $255-million, 25-year helium conserva- 
tion program. Interior spokesmen say 
the House Appropriations Subcommittee 
has approved the expenditure, and that 
if contract negotiations with industry are 
successful, as many as eight private 
plants will be operating by late 1962. A 
total of 12 helium extraction plants are 
anticipated under the present program. 
Should negotiations for private plants 
fail, the government is prepared to build 
its own plant in 1962 to keep up with 
demand, according to Interior Depart- 
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SEVEN WHO 


PINPOINT 
“\REFINERY PROBLEMS 
- THAT CLEANING 
WILL SOLVE! 


Now, seven refinery engineers—specialists in chemical 
cleaning and problems analysis—are working exclusively 
with refiners. They can determine which cleaning technique 
will be most effective for any given problem. They can also 
determine when equipment should be cleaned to maintain 
efficient, economical operation. 

These Dow Industrial Service engineers are equipped 
both to solve specific problems and to set up complete 
chemical cleaning programs. Each man has practical 
experience in refinery operations as well as in application 
of Dow Industrial Service cleaning techniques. 

The Seven cover 29 key areas across the 
country, backed by a staff of chemical cleaning 
specialists, and the research facilities of D.I.S. 
and The Dow Chemical Company. They’re on 
call to solve cleaning problems for every kind of 


<< 


P. R. Cotter 


_ -_ 


1. R. Bielek 
S 


a 


7, 


. 


ry 


R. W. MacDonald 


B. T. Chafin 


J. H. Van Sandt 


J. J. Enoch 


refinery equipment, including crude distillation, catalytic 
cracking, pipe stills, alkylation. You name it, D.I.S. will 
clean it! D.I.S. is further prepared to help with problems 
of waste disposal and water processing. 

Chemical cleaning for European refineries is available 
through The Dow Industrial Service 
Division of the Nederlandsche Dow 
Maatschappij N.V., Stationsplein 45, 
Rotterdam, Holland. 

For information on how D.I.S. can 
solve your equipment cleaning problems 
—for any kind of equipment, 
anywhere in the U.S.—write 
or call DOW INDUSTRIAL ° 
SERVICE, 20575 Center Ridge FREE BOOKLET. Describes 


Road, Cleveland 16, Ohio. aan Dus. Seed tr 


DOW INDUSTRIAL SERVICE! 
- ~ 8 ee ee 


DOW INDUSTRIAL SERVICE « Division of The Dow Chemical Company 





Compact...Powerful... 


FISHER 


SERIES 


470 P.0.P. 


PNEUMATICALLY OPERATED PISTON 


SPLIT BODY 
CONSTRUCTION 


Type 470-Z Actuator with a 
Split body. P.O.P. is also 
ideal for three way bodies 
and large single port globe 
or angle bodies. Only Fisher 
gives you such a wide selec- 
tion of actuator-body com- 
binations. 





Piston Actuator for Control Valves 


does jobs that once required giant size equipment! 


POWER, Thrusts up to 17,500 pounds 
available. Delivers same power in either 
direction at any point of the stroke. 


ACCURACY - Maximum Hysteresis 
0.15% of stroke or signal. Repeatability 
0.03% of stroke or signal. Resolution 
Sensitivity 0.02% of instrument signal. 


Here’s power plus in a small package! 
This compact Fisher 470 Series has its 
Own positioner mounted integrally on top 
of the cylinder. Positioner receives any of 
the normally used pneumatic instrument 
signals. Then, without an air set, actuator 
utilizes the full potential of the available 
air or gas supply (up to 150 psi) to pro- 


vide exceptional speed and power. 


BRACKET MOUNTED 
SERIES 480 P.O.P. 


stats and similar equip- 
ment found in many in- 
Restaial aaatt 


SPRING RETURN 
ACTUATOR 


SPEED-—4 inches per second stroking 
speed with the Size 30. Size 60 provides 
1.5 inches per second. 


STABILITY — Built-in intermediate 
feedback causes proportional band of 
positioner to be broad while instrument 
changes are taking place, yet narrow when 
unit is ndt in motion. 


Series 470 is adaptable to virtually all 
types of valve bodies including butterfly 
valves. Easily reversible actuator can be 
changed in the field. Available in six basic 
sizes and can be supplied for travel up to 
4”. Basic actuator can also be furnished 
with a handjack, hydraulic snubber, pneu- 
matic safety devices or as a spring return 


unit ...Write for Bulletin E470. 


AVAILABLE STEM FORCE 
CYLINDER DIAMETERS AS MARKED ON EACH CURVE 


STEM FORCE IN 1000 LBS. 


with a supply pressure of only 60 psi. 


Type 473 Actuator with IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT'S CONTROLLED BY... 


spring safety device. In event 


of a supply pressure failure 

portent we Bayon, * prewtbanty m FISHER GOVERNOR COMPAN Y 
the closed position. Also Marshalltown, lowa / Woodstock, Ontario / Rochester, England 
available with spring for re- BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT COMPANY, CORAOPOLIS, PA 


turn to open position in 
event of plant air failure. 


SINCE 1880 





the five basic sizes shown by the curves, a 17 inch 
can be supplied to provide thrusts of 12,000 









































anotuer INSIDE STORY or tHe universal ACCEPTANCE OF 
MURRAY MULTI-STAGE TURBINES IN THE MECHANICAL DRIVE FIELD 


WD Husky accurately machined shaft 





® Steam conditions to 600 PSIG and 750°F. 


W® Discs shrunk and keyed in place. ® Condensing or non-condensing. 


® Stainless steel nozzles and blading throughout. 


, Our nearest representative will gladly hel 
® Spherical seated sleeve bearings. - P gladly help 


you solve your mechanical drive turbine re- 
W® Kingsbury thrust bearing. 


quirements. Just write to Murray Iron Works 


® Center line support. Company, Burlington, lowa, for his name. 


WD Carbon ring gland seals. 


J Double seated balanced governor 


valve — stellited. 
WD Choice of speed governors from simple 
mechanical type to precision oil relay 


® Bolt type overspeed trip governor. 


MURRAY IRON WORKS COMPANY ° BURLINGTON, IOWA 


Builders ot Steam Power Equipment for Nearly a Century 





NOW. a @ 


even better than ever 
Nicholson Thermostatic Steam Traps 


Steam Saving 


BAFFLE’ 


Live steam, entering the trap, is instantly deflected upward and 
away from the orifice to surround the bellows. Faster snap-close 
action occurs, positively preventing live steam loss. Maximum 
steam-saving efficiency . . . confirmed by recent tests.{ 

This makes a fine trap even better . . . a trap you could always 
depend on for powerful, intermittent discharge, positive shut-off 
...‘and up to 6 times the capacity of ordinary traps. If you would 
like to try one free, ask your Nicholson representative . . . or write 
directly to us. 


t U.S. Testing Co. Report #75955, December 26,1960. *Patent applied for. 


W. H. NICHOLSON and COMPANY 
12 Oregon Street * Wilkes-Barre, Pa. 
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ment officials. As reported in the April 
1961 Perroteum RerFINer, page 223, four 
private firms are negotiating with govern- 
ment officials. 


On Stream With NGAA 


Field supervision and adaption of old 
plants to new operating methods were 
principal topics of papers before the Ok- 
lahoma Regional meeting of NGAA, 
April 28, Ardmore, Okla. C. P. Stanley, 
vice president of Dresser Engineering Co., 
spoke on “Application of Refrigerated 
Lean Oil to Existing Plants.” Other tech- 
nical papers given were: “Tornado Dam- 
age to Kerr-McGee Gasoline Plant” by 
P. K. Smith, Kerr-McGee Oil Inrustries, 
Inc.; “Managerial Responsibilities of 
Field Supervisors” by Jack Thornton, 
Phillips Petroleum Co.; “The Supervisor's 
Role in Plant Safety” by F. C. Cooper, 
Sohio Petroleum Co.; “Multi-Stream 
Process Monitoring” by M. M. Fourroux, 
The Perkin-Elmer Corp.; and “Operation 
of an Automatic Gas Processing Plant” 
by Ben Lovell, Sunray Mid-Continent 
Oil Co. 


Licensing and East Germany 


An agreement on the use of chemical 
processes under licence has been reached 
between Humphreys & Glasgow Ltd., and 
LIMEX, an East German state trading 
corporation. Leslie R. Thomas, executive 
vice president of H & G said “for the 
first time after a 21-year blackout, this 
agreement gives the western world access 
to all the main chemical processes of the 
sixth-largest chemical-producing coun- 
try.” 

“The American chemical industry, 
through H & G, now has access to 60 
processes for production of acetylene- 
based chemicals, acrylonitrile, vinyl com- 
pounds, chlorine, emulsion resins, syn- 
thetic fibres, caprolactam, acrylics, and 
many other polymers and chemicals,” 
said Thomas. 

This is the first time such an agreement 
has ever been concluded. It follows the 
recent contract signed between H & G 
and the German Democratic Republic 
authorities on the design and engineering 
of an ethylene plant being erected at 
the Walter Ulbricht Works, Leuna, East 
Germany. The agreement is reciprocal. 
It provides for the pure hase of Western 
processes and knowhow by the German 
Democratic Republic with the assistance 
of Humphreys & Glasgow. 


A New Benzene Pattern 


The arrival of the last benzene imports 
from the Soviet Union, which arrived in 
New Orleans in March, signals a new 
pattern in world benzene trade. Ordered 
by Dow Chemical Co. and Monsanto 
Chemical Co., this rings down the cur- 
tain on benzene purchases from the 
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Key-Chemical selection in liquid caustic 


A Key Chemical is the best buy. Case in point: liquid 
caustic. We offer it in two concentrations . . . 50% 
and 73%. Today, your best buy may be the 50% grade. 
lf so, that’s what we'll recommend—today. But if 
stepped-up use of caustic or changes in freight rates 
alter your economic position in the future—we'll 
recommend conversion. We never consider our first 
analysis final...and never stop working with you. 


WYANDOTTE V3 


SCSHEMICALS 


MICHIGAN ALKALI DIVISION, WYANDOTTE, MICHIGAN 
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U.S.S.R., at a period when U.S. benzene 
capacity and production is increasing 
with leaps and bounds. The outlook: The 
U.S. will discontinue being a net im- 
porter of benzene and will become a 
formidable exporter. Some experts are 
looking for exports to double this year 
from 1960's 23.6 million pounds—then 
double again in 1962 for an ultimate ex- 
portation of 100 million gallons. 


The Economics Scene 

A general upturn in the U.S. economy 
within the next two or three months has 
been predicted by two Continental Oil 
Co. economists. Henry C. Corey of Con- 
oco’s Economics Division says the upturn 
should raise the volume of petroleum- 
product demand. Other Corey observa- 
tions: Profits for the rest of the year de- 
pend on the supply demand ratio’s bal- 
ance. The domestic petroleum outlook 
for the next five years is good—with con- 
sidering a greatly increased population 
and higher standard of living. 

Assistant Economics Director Dr. Paul 
Davidson says the upturn will not elimi- 
nate “the underlying problems of high 

| unemployment and slow business growth.” 
He added the current recession will be 
the mildest since the end of World War 
Il. 


Instruments and Evolution 


A fast-paced evolution is taking place 
in analysis, or analytical, instrumentation 
which has significant impact on science, 
technology and industry. Tedious “wet” 
chemistry techniques are being super- 
seded by fast, reliable instrumental meth- 
ods of analysis. New methods often are 
developed for laboratory applications 
where reliability is proven and later de- 

| signed for continuous industrial use. 

A three-day symposium on. instru- 
mental methods of analysis, sponsored by 
ISA, April 17-19 in Houston, focused on 
latest developments in laboratory and in- 
dustrial applications. 

Typical of the new innovations dis- 
closed at the Symposium were: “New Ap- 
plications of Nucleonics in Chemical 
Analysis” by Professor W. W. Meinke, 
University of Michigan; “Rapid Analyti- 
cal Method for Partition Column Chroma- 
tography with Automatic Recording” by 
C. Pidacks of American Cyanamid Co.; 
“Improving pH Glass Electrode Re- 
sponse” by A. L. Giusti, Monsanto Chem- 
ical Co.; “Polarographic Analysis in an 
Acid Cyanide Gold Plating Solution” by 
J. A. Miller, Boeing Airplane Co.; ‘“An- 
alyzers and Computers” by R. M. Green, 
The Foxboro Co.; etc. 


A Long-Awaited Merger 

The long-planned merger between 
WPRA and the National Petroleum As- 
sociation is about to become a reality. 
WPRA directors, at a recent meeting, 
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DOW RECOVERS 425°F WITH 


LJIUNGSTROM® 


When Dow Chemical Company’s 
Westside Power House at Midland, 
Mich., starts up their new 650,000 
lb/hr boiler, more than half the 
waste heat will be recovered by a 
Ljungstrom Air Preheater. Dow’s 
newest Ljungstrom (this is the 
eighth in their system) was de- 
signed to lower stack gas tempera- 
ture from 700°F to 275°F, thus 
recovering 425°F. As a direct result, 


AIR PREHEATER 


company engineers expect at least 
10% reduction in fuel costs. 

On process stills or boilers—or 
wherever large volumes of heat are 
involved—Ljungstrom Air Pre- 
heaters improve combustion, make 
fuel burn more completely. It’s pos- 
sible to save as much as 20% on fuel. 
All major public utilities use 
Ljungstroms; as do many major 
chemical and petroleum processing 


This 25’ Ljungstrom rotor will contain 
a total heating surface of 128,000 sq ft. 
Continuous heat recovery by this unit 
will boost the temperature of incoming 
combustion air from 100°F to 585°F. 
Every 45-50° F thus returned as preheat 
increases boiler efficiency about 1%. 


companies. Chances are, you, too, 
could benefit. For additional infor- 
mation, call or write The Air 
Preheater Corporation, specifying 
type of application. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 
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adopted a resolution stating that “the 
predominant opinion of the board is that 
merger would be in the best interests of 
each association. The new organization 
will be known as the National Petroleum 
Refiner’s Association—with July 1 slated 
as the target date for official formation. 
The general organizational plan: To have 
a Washington office (now run by NPA 

and a Tulsa office (now run by WPRA), 
with both functioning “about as they are 
now.” The meeting setup: One each 
spring in San Antonio, and another each 
fall in Atlantic City. 





Exit the Smog Gremlin 


Los Angeles County could be as smog- 
| free by 1965 as it was in 1940, according 

to the Air Pollution Control District in 
| a new 290-page report. The report sums 


up ten years of APCD air measurement 
and analysis. The prediction that smog 
= may be cut to pre-war level by 1965 is 
‘/9 based upon these facts, the report states: 
SAVE AND MORE if 1. Many 


contaminants from non- 





moving sources already have been re- 


, es duced below the 1940 level. 
ON LINE BLINDING COSTS —— . 


2. Other contaminants significant from 
non-moving sources should be reduced 
with wf / to that point by developments under way 
or planned for the next few years. 
HAMER fod 3. Effective air pollution controls for 
LINE BLIND VALVES : ae motor vehicles are scheduled to be on 
most vehicles by 1965. 
It takes one man just a few minutes to 


open and close a Hamer Line Blind Valve. bg ng ge ° Changing Times - 


; ; BLIND VALVE 
Compare this with the old fashioned No line movement necessary 


method of inserting and removing a operate. No spillage or loss Pr bre lg Pn ga ad wa 
“skillet” blind between multi-bolt flanges. Product. The action was taken after the union 
Cost records from scores of users show broke off negotiations that had resulted 
Hamer Line Blind Valves save 90% and from the layoff of 11 employes on 
more every time a line is blinded. Multiply January 9, 1961. 
these savings by the number of lines and ; ; 
times they have to be blinded and you can f The 1961 Business-Industry Award 
“ ’ , : rom the National Science Teachers 
quickly see why Hamer Line Blind Valves Association is given to Shell Companies 
pay out fast. Foundation, Inc., for its strengthening 
Furthermore there is no product loss with — school mathematics and science 
most models of Hamer Line Blind Valves. , 
Simplicity, positive visible shut-off, no 
contamination and safety are added bene- 


C I : posed merger is signed by National Dis- 
fits of Hamer Line Blind Valves. tillers and Chemical Corp. and Bridge- 


. yrt srass Co. 
Hamer valves are applicable wherever a ae 
lines require blinding. They are available “We tase. te petites <6 genueetion 
in special alloys and with special trim for 


es Bee 3-BOLT LINE BLIND VALVE by Soviet oil into areas, which, for po- 
severe conditions. Write for Hamer Cata- particularly suited for installations | litical reasons 


log 60 for complete description of all types, where slight spillage and line 
sizes and pressure ratings. spreading are no problems. 


A plan and agreement covering a pro- 


, Russians are anxious to 
enter,” says Harry A. Jarvis, president, 
Creole Petroleum Corp. Jarvis reports 
that Russian exports are not large, but 
WELL EQUIPMENT MFG. CORP. their effect has transcended the quanti- 

HOUSTON. TEXAS ties of oil involved, because sales prices 


Owition of ENIMSAN COMPANY @ aubediiony of z are well below prevailing levels. 
FOOD MACHINERY AND CHEMICAL CORPORATION 


A committee to promote the develop- 

7 ment and application of gas chromatog- 

raphy is being set up by the American 

WECO cH Society for Testing Materials. B. F. 
UNIONS Swivel JOINTS LINE sun vauves pus. VALVES 


AIR'D'UNION COMPOUNDS —_SNATCN BLOCKS ‘ ; 
Dudenbostel, Jr., Esso Research and En- 


gineering Co., was elected chairman. 
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Spring Housecleaning 


Everyone manned a broom during an 
“all hands” hour at Humble Oil & Re- 
fining Co.’s Bayonne, N. J., refinery 
mechanical building. Winter blizzards 
and zero temperatures had presented 
difficult housekeeping and maintenance 
problems. 


Gulf Research & Development Co.'s 

newly developed catalyst analyzer This English electric gas turbine, in operation for two years 
automates and places on a routine at Esso Petroleum Co.’s Fawley, England, refinery, has com- 
basis economically characterizing solid pleted 17,000 hours of performance without a standby. 
catalytic materials. (See “Automation 

and Catalysts,” page 316.) 


This barge, one of the largest of its kind ever built for the petrochemical industry, carries 1,700 tons of anhydrous ammonia 
refrigerated to minus 28° F. 
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316 


STAINLESS 
STEEL 


Welded Bourdon Tube and 
Pressure Connection 
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ADDITION 
to 


MERCOID 


PRESSURE 
CONTROLS 


Series D-41, 243, 541 


316 stainless steel welded 
Bourdon tube. %” (316) stainless 
steel pressure connection. Nickel 
plated mechanism. Outside ad- 
justments. Calibrated dial. Her- 
metically sealed mercury con- 
tact. 


Operating ranges: 30” vac.-75 
psig; 10-100 psig; 30-400 psig; 75- 
800 psig. and 100-1000 psig.— with 
varying differentials and electri- 
cal capacity to meet your appli- 
cation. 


Three case styles: General Pur- 
pose NEMA 1; Weather-Proof 
NEMA 1A, 2, 3, 4; Explosion- 
Proof Class 1 Group C, & D; 
eo 2 Group E, F, G, NEMA 7, 


WRITE FOR BULLETIN 019 


THE MERCOID CORPORATION 
4211 Belmont Ave., Chicago 41, III. 
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Meetings Calenaocr 


May 


15-19. 


eee 


National Fire Protection Association, Annual Meeting, Statler Hotel, 


Detroit, Mich. a 
Western Petroleum Refiners’ Association, Mid-Continent Regional Tech- 
nical-Industrial Relations Meeting, Hotel Lassen, Wichita, Kan. 


.WPRA, Regional Fire and Accident Prevention Meeting, Hotel Lassen, 


Wichita, Kan. 


National Gasoline Association of America, Permian Basin Regional Meet- 


ing, Lincoln Hotel, Odessa, Texas. 


ISA, AIEE, ARS, IAS, IRE, National Telemetering Conference, Chi- 


cago. 


..American Society of Mechanical Engineers, Design Engineering Confer- 


ence & Show, Cobo Hall, Detroit, Mich. 


..WPRA, Computer Conference for Refiners, Benjamin Franklin Hotel, 


Philadelphia, Pa. 


Petroleum Electric Power Association, Meeting, Mayo Hotel, Tulsa, Okla. 


..Society of Automotive Engineers, Summer Meeting, Chase-Park Plaza, 


St. Louis, Mo. 


.Instrument Society of America, Summer Instrument-Automation Con- 


ference & Exhibit, Royal York Hotel, Queen Elizabeth Hall, Toronto, 
Ont. 


.European Convention of Chemical Engineering, 13th Chemical Engi- 


neering Exhibition & Congress, Frankfurt, Germany. 


..ASME, Summer Annual Meeting, Statler Hilton Hotel, Los Angeles, 


..Gordon Research Conference 


July 
| ae 


August 


i a 


28- 
Sept. | 


October 
1. 6b 


| Nov.1 


November 


oy | ae 


13-15 


.Gordon Research Conference 


.. ASME, AIEE, Engineering Management 


Calif. 


ISA, Air Pollution Control Association, Air Pollution Instrumentation 


Symposium, Hotel Commodore, New York City. 
Petroleum—Colby Junior College, New 


London, N. H. 


.ISA, Gas Chromatography Symposium, Kellogg Center, Michigan State 


University, East Lansing, Mich. 


Catalysis New 


Colby Junior College, 
London, N. H. 


.American Association of Cost Engineers, Annual Meeting, Boston, Mass. 


ISA, AIChE, AIEE, ASME, IRE, Automatic Control Conference, 


versity of Colorado, Boulder, Col. 


Uni- 


.Western Plant Maintenance and Engineering Show, Pan Pacific Audi- 


torium, Los Angeles, Calif. 


SAE, National West Coast Meeting, Sheraton Hotel, Portland, Ore. 
.. ASME, International Heat Transfer Conference, University of Colorado, 


Boulder, Colo. 


American Chemical Society, Fall Meeting, Chicago, III. 

ACS, National Chemical Exposition, Chicago Amphitheater, Chicago, III. 

ISA, Fall Instrument-Automation Conference & Exhibit, Biltmore Hotel, 
Memorial Sports Arena, Los Angeles, Calif. 


.NGAA, Rocky Mountain Regional Meeting, Northern Hotel, Billings, 


Mont. 


Conference, The Roosevelt 
Hotel, New York City. 

WPRA, Rocky Mountain Regional Technical-Industrial Relations Meet- 
ing, Henning Hotel, Casper, Wyo. 

ASME, Petroleum Mechanical Engineering Conference, Hotel Muehle- 


bach, Kansas City, Mo. 


.. ASME, Process Industries Conference, Shamrock-Hilton Hotel, Houston, 


Texas. 

WPRA, Waste Disposal and Stream Pollution Conference. Hotel Lassen, 
Wichita, Kan. 

WPRA, Annual Question and Answer Session on Refining Technology, 
Rufus Garrett Hotel, El Dorado, Ark. 

NGAA, Southern Regional Meeting, Carlton Hotel, Tyler, Texas. 


..National Lubricating Grease Institute, Annual Meeting, Rice Hotel, 


Houston, Texas. 


.SAE, National Fuels & Lubricants Meeting, Shamrock Hilton Hotel, 


Houston, Texas. 


..American Petroleum Institute, Annual Meeting, Conrad Hilton Hotel, 


Chic ago, Ill. 
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A step beyond 
silicone 
dampening of 


thermometers 


This is a special 
dampening bear- 
ing, used just above the 
bimetal element in Roch- 
ester industrial ther- 
mometers. It is a preci- 
sion machined part which 
serves several needed dampening functions: 
it further dampens the bimental shaft; it 
helps to prevent coil unwinding and pointer 
oscillation; it serves as a better guide for 
perfect shaft alignment within the tube. 
The primary reason for dampening bime- 
tallic dial thermometers, of course, is to pre- 
serve accurate calibration, especially on the 
lower temperature ranges where a thinner 
bimetal element is used. The combined use of 
a special dampening bearing and silicone 
makes Rochester thermometers extra resist- 
ant to shock and vibration. You get this only 
in Rochester industrial thermometers. 
Write, wire or phone—tell us your require- 
ments for indicating and control instruments 
—let Rochester Instruments engineering 
skill go to work for you. American- 
Standard Controls Division, Rocu. Caer 
ESTER INSTRUMENT PLANT, 38 Rock- V 
wood Street, Rochester 10, N. Y. 


PROCESS CONTROLS 


Detroit | | Norwood 
Pressure Strain Gauge 
Control } | . Pressure 


Switch Pickup 
(to 60,000 psi.) 


CONTROLS DIVISION 





it takes only this 


to meet more pressure, tempera- 
mommy, ture, shock, vibration conditions 
mm ace than does any other tube fitting 


. in more styles, sizes, combinations and materials 
than any other fitting. For more information, see 
next page... and write for Catalog 3108. 


HI SEAL 


IMPERIAL EASTMAN 


Imperial-Eastman Corporation General Offices: 6300 West Howard Street, Chicago 48, Illinois 


BUTT JOINT 


In Canada: Imperial-Eastman Corporation (Canada) Ltd., Barrie, Ontario 
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one 


tube fitting— 
versatile Hi-Seal® 


With Hi-Seal you can overcome 
moderate to toughest service con- 
ditions—in one entire system or 
in several. With simple variations 
in the basic fitting, you meet al- 


most every need—just specify a 
change in type of metal and vary 
the sleeve and nut. Thus, you 
match Hi-Seal to pressure, tem- 
perature, vibration, shock and in- 
stallation variables. 


50 TYPES—1300 SIZES 


Hi-Seal Fittings are available in 
straight connectors, straight re- 
ducers, unions, adapters, elbows, 
tees, crosses, caps, couplings, swiv- 
el nuts, valves, port seal and Braze- 
Seal. Altogether there are almost 
50 types—collectively more than 
1300 sizes, generally from 46” tube 
O.D. to 114”. Metals available in- 
clude steel, stainless steel, brass, 
aluminum, titanium, Monel and 
others. Combinations are almost 
endless! 


Now Imperial-Eastman meets all your 
requirements for hydraulic-pneumatic- 
flow system components: tube fittings, 
valves, couplings, flexible and rigid 
hydraulic and pneumatic lines, ther- 
moplastic tubing, tubing tools. 


See Imperial-Eastman first! 


HITINGS 


IMPERIAL- 
EASTMAN 
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These eight petroleum industry executives are currently at Carnegie Institute 
of Technology, Pittsburgh, participating in the nine-week Program for Executives 
sponsored by Carnegie’s Graduate School of Industrial Administration. The program, 
which includes courses in many phases of management decision-making, runs until 
May 12. The participants sitting left to right are: Thomas D. Collier, Arabian 
American Oil Co.; Charles L. Persyn, Tidewater Oil Co.; and Edwin W. Inglis, 
Humble Oil & Refining Co. Standing left to right are: Donald E. Brauer, Sinclair 
Refining Co.; George F. Berry, Continental Oil Co.; William J. Joyce, The Atlantic 
Refining Co.; Laurel C. Powell, The Ohio Oil Co.; and William L. Bowser, The 


Atlantic Refining Co. 


Fred C. Moore has been elected pres- 
ident of Hancock Chemical Co., sub- 
sidiary of Signal Oil and Gas Co. 
Moore has been vice president, a direc- 
tor, and plant manager of Hancock 
Chemical since 1958. He succeeds W. T. 
Hancock, who has been named chairman 
of the board. Hancock is also senior vice 
president in charge of manufacturing of 
Signal. S. A. Patterson has been elected 
vice president and director of Hancock 
Chemical. He is also vice president and 
assistant to the senior vice president in 
charge of manufacturing of Signal. 


Paul Strain has been promoted to ad- 
ministrative assistant to the vice president 
International Re- 
He has been with the com- 


and general manager, 
fineries, Inc. 
three 
superintendent. Prior to joining Interna- 
tional Refineries, he was a process engi- 
neer with Standard Oil Co. in Wood 
River, Ill. 


pany years, starting as process 


Donald G. Van Tilburg, former 
manager of the Mobil Oil Co. refinery 
at El Palito, Venezuela, has been named 
Mobil Oil Co.’s 
Process Promotion Department, New 


York. He succeeds James P. Shambaugh, 


manager of Socony 


For more data on advertised products, use Readers’ Service Cards, last page 


who was named process promotion man- 
ager in 1955 and has now joined Mobil 
Petroleum Co., a Socony Mobil operat- 
Van 


company in 1937 as a chemical engineer 


ing division. Tilburg joined the 
at the Paulsboro research and develop- 
ment laboratories. 
W. B. (Bud) Simon of Baytown, 
Texas, has joined Brown & Root, Inc., 
as manager, Contract 
Maintenance Depart- 
ment. He will also 
be assistant manager, 
Petro- 


Division. 


Refinery and 
chemical 
He has served as in- 
strument technician 
with E. I. du Pont 
Memphis; 
electrical 
with the 
Valley Authority in 
Chattanooga; 


Co. in 
engineer 
~ Tennessee 
Simon 
main- 
tenance superintendent of Corn Products 
Refinery Co. in Corpus Christi, Texas; 
maintenance superintendent for Texas 
Butadiene & Chemical Co. in Channel- 
view, Texas; and vice-president of Hous- 
ton Reinforced Plastics Co., Houston. 
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Men... 


Grant A. Brown, who joined Amoco 
Chemicals Corp. on April 1 as general 
counsel, has been 
elected a member of 
the board of direc- 
tors. Before joining 
Amoco Chemicals, 
Brown general 
counsel and a direc- 
tor of Utah Oil Re- 
fining Co., Salt Lake 
City. Brown grad- 
uated from the Uni- 
versity of Utah and 
Harvard Law School, 
Brown and is a member of 
the American Bar Association. 


was 


S. D. Breitweiser, DX Sunray Oil Co., 
Tulsa, has been elected a vice president 
of Western Petroleum Refiners’ Associa- 
tion. Rexford S. Blazer, Ashland, Ky.; 
Walter Famariss, Jr., Hobbs, N. M.; C. C. 
Tate, Bartlesville, Okla.; and J. A. Vick- 
ers, Denver, Colo., have been re-elected 
as vice presidents of the association. 


Walker Duffie, Ponca City, Okla., 
chief process economic analyst in Conti- 
nental Oil Co.’s Manufacturing Depart- 
ment, has been selected to receive a 
1961-62 Sloan Fellowship at the Massa- 
chusetts Institute of Technology, Cam- 
bridge, Mass. Duffie is the tenth Conoco 
man in 12 years to receive a Sloan Fel- 
lowship. The Sloan Fellowship Program 
for Executive Development was fourided 
in 1938 to train promising young tech- 
nical executives for industrial manage- 
ment and positions of business leadership. 
The course extends from June of this 
year to June 1962. 


Dr. Donald Q. Kern, D. Q. Kern 
Associates, and Dr. James W. Westwater, 
University of Illinois, have been elected 
chairman and vice chairman, respectively, 
Heat Transfer Division, American In- 
stitute of Chemical Engineers. 


W. G. Denning has been named petro- 
leum products adviser to the general 
manager, Humble Oil & Refining Co.'s 
Baytown, Texas, refinery. He has just 
completed a_ rotational assignment as 
acting head of the refinery’s 
Technical Division. 


assistant 


Herbert Schuyten has been promoted 
to senior research engineer in the process 
planning section, Richmond Laboratory, 
California Research Corp. Schuyten re- 
ceived B.S. and M.S. degrees in chemical 
engineering from the University of Wash- 
ington and joined the company in 1948. 


Bryon C. Bailey has been appointed 
project engineer for United Carbon Co., 
Houston. Bailey joined the company in 
May 1960 as a research engineer in the 
Research and Development Department 
at Baytown. Before coming to United 
Carbon, Bailey had been latex produc- 
tion manager at Borg-Warner Co.’s 
Marbon Chemical Division plant in 
Parkersburg, W. Va. 
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Robert C. Davidson has been named 
technical director, Catalyst Division, 
Nalco Chemical Co., Chicago. Davidson 
had been director of research at Harshaw 
Chemical Co., and previously was with 
Richfield Oil and Filtrol Corp. 


Dr. Elwood F. Booth, Jr., has been 
named director of research for Solvay 
Process Division, Allied Chemical Corp. 
Dr. Booth succeeds Dr. Herbert C. 
Wohlers, who has been transferred to 
Allied Chemical’s National Aniline Di- 
vision as director of research and devel- 
opment. Dr. Booth joined Solvay Process 
in 1951. He has been assistant chief en- 
gineer and assistant manager of Solvay’s 
Syracuse, N. Y., plant, and earlier this 
year was named an assistant director of 


DIAMOND 
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research. 
cuse,. 


Guy L. Honeycutt, assistant plant 
manager at American Oil Co.’s Texas 
City refinery, has been temporarily as- 
signed to Amoco International to assist 
with operations in Italy. Honeycutt 
joined the company at Texas City in 
1936 as a Mechanical Department helper. 
He has also worked in the firm’s York- 
town and El Dorado refineries. 


He will headquarter in Syra- 


Louis M. Ream, Jr., has been elected 
treasurer, The Atlantic Refining Co. 
Paul E. Cundey has been named secre- 
tary of the firm. They succeed Charles 
J. Reller, former secretary-treasurer, who 
died January 28, 1961. Cundey will also 
serve as assistant treasurer. 


IN INDUSTRIAL 
TELEVISION 
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Warren A. Beman has been elected 
vice president in charge of chemical ac- 
tivities, Union Texas Natural Gas Corp. 
Beman was formerly manager, New 
Projects Department, Mobil Chemical 
Co. 


Russell F. Boynton has accepted a 
position as research chemist in petroleum 
products, Richmond Laboratory, Cali- 
fornia Research Corp. John Q. Adams 
has joined the laboratory staff as research 
chemist in petroleum process research. 
James N. Sullivan has been assigned to 
refinery technical service at Richmond 
as a research engineer. 


Daniel B. Purvis, a Texas attorney 
and independent oil producer, has been 


“ALWAYS-OPEN" 


appointed chairman of the Federal Petro- 
leum Board by Interior Secretary Udall. 
The board, with headquarters at Kilgore, 
Texas, administers the Connally Act 
which prohibits interstate shipment of 
oil produced in violation of state oil and 
gas conservation laws. 


E. L. Upham, manager of Mobil Oil 
Co.’s Gas Liquids Division, Crude Oil & 
Gas Liquids Department in Dallas, has 
retired after more than 43 years’ service. 
Upham joined Mobil in 1918 as an 
office boy. 


Dr. Paul M. Pitts has 
assistant to the general 
Atlantic Refining Co.’s 
Development 


named 
manager, The 
Research and 
Department. John C., 


been 


EYES 


CUT COSTS, IMPROVE SAFETY 
IN CHEMICAL-PETROLEUM 
INDUSTRY 


Twenty-four hours a day, Diamond Utiliscope provides remote 
visual observation of a whole range of chemical and petroleum opera- 
tions, helps slash operating costs and improve production and safety 
records. Diamond Electronics Specialists work with you to solve 
specific application problems; represent the only manufacturer offering 
different systems for the two basic types of requirements: Image 
Dissector for viewing high temperature (up to 5000°F) and high light 
applications such as furnaces, boilers, kilns and rocket test stands; 
and Vidicon for viewing and inspecting chemicals and explosives 
handling, radioactive areas, conveyor systems, small vehicle move- 
ment, perimeter barriers, plant entrances and finished products. 

In your plant or refinery, let us show you how Utiliscope can provide 
more effective control and improved operating efficiency. The coupon 


below brings complete information. 
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Diamond Electronics + Lancaster, Ohio 
Please send complete information on how 


Diamond Utiliscope can help reduce operating 
costs and improve operations 


Name 


Title 








Company 
Address 
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Martin has been made manager of the 
General Services Division, research 
and development. Dr. Pitts joined At- 
lantic in 1949. Martin was previously 
director of the division’s administrative 
section. 


Tom J. Williams has been named re- 
finery manager of Commonwealth Oil 
Refining Co., Inc. 
Williams, who has 
been in the _petro- 
leum industry for 
over 25 years, 
manager of opera- 
tions for the com- 
bined refineries of 
Leonard Refineries, 
Inc. He will make 
his headquarters at 
Ponce, Puerto Rico, 
the site of Common- 
wealth’s refinery. He 
received his chemical 
engineering degree from the University 
of Wisconsin. 


was 


Williams 


Hans G. Schleicher has been ap- 
pointed general superintendent of pro- 
duction of Monsanto Chemical Co.'s 
Chocolate Bayou project at Alvin, Texas, 
after serving as manager of the 
pany’s Plastics Division polyolefins pilot 
plant at Texas City. 


com- 


James Mankin has been appointed 
production superintendent, Cato Oil and 
Grease Co., Oklahoma City. He 
formerly in charge of the company’s 
Grease Department. Leo Drew replaces 
Mankin as superintendent, Grease De- 
partment. 


was 


Robert H. Colley, former president 
and chairman of the board of The At- 
lantic Refining Co., and a director of 
the firm 1954, has retired after 
42 years service. Colley joined Atlantic 
in 1919, 


since 


Allan Haven has joined the Research 
and Development Department, American 
Oil Co., at Whiting, Ind. He will investi 
gate the economic aspects of newly de- 
veloped processes for refining petroleum 
and those of existing i 
applications. 


proc esses In new 


Millard E. Stone, vice president in 
charge of employe and community rela- 
tions for Sinclair Oil Corp., has been 
named to the Committee on Public Af- 
fairs, American Petroleum Institute. 
Stone succeeds Joseph r. Walsh, general 
counsel for Sinclair, as a member of the 
committee. 


Dr. Richard F. Neblett and John 
R. Tuttle have named _ research 
associates, Esso Research and Engineer- 
ing Co. Dr. Neblett, with Esso more 
than eight years, is engaged in additives 
research, conducting studies on detergent 
inhibitors and anti-wear agents. Tuttle, 
with Esso since 1943, is working with 


been 


341 
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You can TELL the difference on the line 


with Rockwood Unions 


In every way — from packaging through performance — 
Rockwood Unions are superior to competing brands. Yet they 
cost no more! 

The differences in Rockwood Unions tell their higher qual- 
ity story: 

Rockwood Unions are boxed, the contents clearly labelled 
and identified. On/y Rockwood Unions have the hardness dif- 
ferential which assures fast, easy make-up, tight seal and free- 
dom from galling. On/y Rockwood offers four different seat 
types. Only tougher Rockwood Unions give you complete 
corrosion protection including “Rockwoodizing,” the process 
that makes the threads and the entire surface of the union 
corrosion resistant. Longer service life under severe line 
conditions ... greater resistance to vibration and shock... 


easier handling ... Rockwood Unions give you a// these ad- | 


vantages. Rockwood Unions are available in a wide range of 
sizes ... all parts are interchangeable. Regardless of your 
needs, Rockwood Unions will do a better job for you. For com- 
plete facts write Rockwood Sprinkler Company, Union De- 
partment, 731 Harlow Street, Worcester 5, Mass. Distributors 


in all principal industrial areas. Rockwood Sprinkler Com- | 


pany, A Division of The Gamewell Company, 
A Subsidiary of E.W. Bliss Company. 


ROCKWOOD 


i 


S pocnwoor 
— 


UNIONS | 
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SAVINGS WITH 

LOW-COST 
REEVES-VULCAN 

BREATHER BALLOONS 








Stop vapor loss with this 
air-tight, self-contained, 
completely closed system. 


Now—with a low-cost Breather Balloon installed in 
new or modified storage systems, you can capture the 
vapors that might otherwise be lost during the stor- 
age or transfer of volatile liquids. Reeves-Vulcan 
Breather Balloons require no skilled labor to install, 
no high priced housing... cost practically nothing 
to maintain. 

Ultra-high strength neoprene-coated nylon gives 
these rugged balloons unusually long life. Every 
Breather Balloon installed is still in use, still return- 
ing profits. Make your storage tank a closed system 
... install Reeves-Vulean Breather Balloons—the 
most efficient and most economical system of vapor 
conservation ever developed for low to medium stor- 
age volume. 


For free, informative brochure, write to: Reeves 
Brothers, Inc., Vulean Rubber Products Division, 1071 
Avenue of the Americas, New York 18, New York. 


REEVES VULCAN 


Reeves Brothers, inc., Vulcan Rubber Products Division 
31071 Avenue of the Americas + 








New York 18, New York 
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TAKE A CLOSE LOOK AT ROCKWOOD BALL VALVES 


When is al-inch — 


valve NOT a 
17-inch valve? 


When the waterway diameter of a ball 
valve is smaller than the pipe size you 
can't get perfectly smooth flow. If this 
difference is large, flow is more tur- 
bulent and pressure loss much greater. 
So it pays to compare waterway sizes 
before you buy any ball valve. You'll 
find that Rockwood ball valves have 
the largest waterway diameters — per 
given valve size. This means smoother, 
more economical operation in your 


es) 


line — whether you move liquid, gas 
or solids. 

Rockwood Ball Valves have these 
other important advantages too. 
Ruggedness — durably built for longer 
service under severe use. 
Spring-loaded Ball Seats — compen- 
sate for wear, pressure change and 
temperature effects. 

Choice — a wide range of design varia- 
tions including metal castings of stain- 
less steel, carbon steel or bronze; lever, 
gear, air, hydraulic or electric opera- 
tors; standard or top entry types; 
rubber, Teflon, Kel F or nylon ball seats; 
flanged, sweat or screw ends — in 


<Ea 


Some people call this 
a 1-inch vaive 








a full range of pipe sizes from %"to 14”. 
Reliability — Rockwood ball valves are 
manufactured by the pioneer in mod- 
ern ball valve design and are both 
time- and use-proven in dependable 
operation and quality of construction. 
Why not call in a Rockwood man 
today? He'll give you the complete 
Rockwood story. Write Rockwood 
Sprinkler Company, Ball Valve Depart- 
ment, 251 Harlow Street, Worcester 5, 
Mass. Distributors in all principal 
industrial areas. Rockwood Sprinkler 
Company, A Division of The 
Gamewell Company, A Subsid- —;Brw0? 
iary of E. W. Bliss Company. al 


ROCKW@OD 


BALL VALVES 


For more data on advertised products, use Readers’ Service Cards, last page. 
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COALESCERS, 
WATER 
SEPARATORS, 
FILTERS 

FOR 
PROCESS 
STREAMS 


WARNER — 
Lewis 
Company 


BOX 3096 © TULSA, OKLAHOMA 


FRAM-WARNER LEWIS EQUIPMENT 


WING NUT ASSEMBLY 























= INLET 
JUTLET 


WHERE WATER AND DIRT ARE PROBLEMS: Fram-Warner Lewis 
separator/filters are specially designed to remove water and dirt from chemi- 
cal process streams. The famous Warner Lewis TWO STAGE design units 
offer wide flexibility of design to meet a variety of process applications. Units 
remove 90% to 100% of all entrained water with filtration efficiency down 
to 5 microns. 


lst Stage (coalescing-filtering) cartridges remove solids such as dirt, rust and 
scale and breaks up mechanical emulsions. Finely dispersed water droplets 
gather together into large water droplets and fall by gravity into the water- 
collecting sump. 


2nd Stage (separating) cartridges are chemically-treated media which com- 
pletely blocks passage of water yet permits passage of product through 
cartridges to the outlet. 


Two stage design provides positive protection against contaminated products 
not possible in single stage designs. Replacement cartridges are easily 


installed and inexpensive. 


Write Process Department, Warner Lewis Company for details. 


FRAM CORPORATION 


For more data on advertised products, use Readers’ Service Cards, last page. PETROLEUM REFINER—VJ ol. 40, No. 5 





Men... 


the development of low-cost, 


highly- 
efficient oil burning equipment. 


J. L. Dreher has been promoted from 
group supervisor to supervising research 
chemist, greases and industrial lubricants 
section, Richmond Laboratory, California 
Research Corp. 


Bela M. Fabuss has been named a | 
research group leader at the Everett, | 


Mass., laboratories of Monsanto Research 
Corp., after serving as a research spe- 
cialist with the Special Projects Depart- 
ment, Monsanto Chemical Co.’s Research 
& Engineering Division at that location. 


Dr. C. H. Kollenberg has been ap- 


pointed assistant head 
of manufacturing co- 
ordination in charge 


of planning, Manu- | 
facturing Division of- | 


fice, Humble Oil & 


Refining Co., Hous- 


ton. He has _ been 

manager, 

tion Division, at the 

Baytown refinery 

since last August. 

Kollenberg Dr. Kollenberg holds 

B.S.. M.S. and Ph.D. degrees in chemi- 

cal engineering from The University of 

Texas and did post-doctoral research 
there. 


Coordina- 


Dr. Frank Princi has been appointed 
director, Medical Department, Ethyl 
Corp. He formerly was associate director. 
Dr. Princi succeeds Dr. Karl V. Kitz- 
miller, former medical director of the 
company, who has been named _ staff 
medical advisor. At the same time, Dr. 
Lester W. Sanders, Sr., has been ap- 
pointed associate medical director. 


D. J. C. Copps has been named gen- 
eral manager, Organics Division, Olin 
Mathieson Chemical Corp. Copps, a cor- 
porate vice president, had been general 
manager, Energy Division. 


Everette A. Skarda has been named 
general manager of Dansk Veedol, Tide- 
water Oil Co.’s Danish-based subsidiary. 
He replaces George M. Dixon, who is 
returning to a new assignment with Tide- 
water in the United States. 


A. E. Stebbings has been named a vice 
president of Signal Oil and Gas Co. 
Stebbings is also general manager, 
Marketing Department, a post he has 
held since 1958. 


Dwight E. Huth, Ponca City, has been 
promoted to assistant superintendent of 
Continental Oil Co.’s Ponca City refin- 
ery. Huth, who will be in charge of the 
catalytic and thermal cracking divisions, 
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Alcoa Aluminum stands up at cryogenic 
temperatures in oxygen plant designed and 
manufactured by Air Products, Inc. 


At this oxygen plant built by Air Products, Inc., Allentown, Pa., for 
production of organic chemicals, aluminum was the logical material 
for construction of cryogenic equipment. ALcoA® Aluminum alloys 
have the ability to maintain ductility and resistance to shock loading 
at extremely low temperatures. In fact, tensile and yield strengths actu- 
ally improve in the cryogenic ranges without embrittlement. Add low 
cost and ease of fabrication—small wonder that aluminum is pre- 
ferred for low-temperature process vessels and transportation equip- 
ment. The coupon will bring you more information. 


Warcon ALU AAIN U AA 





Aluminum Company of America, 827-E Alcoa Building, Pittsburgh 19, Pa. 


Please send me the following literature covering Alcoa Aluminum for tubular 
products and other uses in the process industries. 


(1) 68-10460 Process Industries Applications of Alcoa Aluminum 
(J 88-11251 Cryogenic Applications of Alcoa Aluminum 


Name Title 
Company 
Address 


City : Zone _ State 
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13,000 


9,000 


This 
Gehmeleyamacdarcxe 
is vital for the 
hot strength 
of your 

heat resistant 
alloy castings 





5<— OPTIMUM CARBON RANGE 











Every foundry heat is analyzed to 


insure specified alloy composition 


MEDIUM 
CARBON CONTENT 


This graph illustrates the effect of carbon content on the hot strength 
of a heat resistant alloy. It outlines an optimum carbon range. 

The graph shows how a carbon content outside the optimum range 
would seriously lower the hot strength decreasing the service 


life of the casting. ‘The optimum carbon range is 0.10 percent. 


Controlling carbon content to within one-tenth of one percent is 
difficult, but Electro-Alloys does it. Compositional control of castings 
at Electro-Alloys is exact and painstaking. Without this 

care you cannot expect maximum efficiency and long service life. 
We have compiled an imposing file of data on the effects of 

carbon in alloy composition, and we can relate that data to your 
needs. ‘To stop rising replacement and maintenance costs, 

check with us on carbon content while equipment is in the design 
stage. Contact Electro-Alloys Division, 3025 Taylor Street, 

Elyria, Ohio, and we will take all steps to insure the optimum 


composition for your casting. 


ELECTRO-ALLOYS DIVISION @ Elyria, Ohio 


For more data on advertised products, use Readers’ Service Cards, last page. PETROLEUM Ry FINER | “ol. 10, No. bc” 
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succeeds L. S. Burke, who has _ been 
named operations superintendent of the 
Panama refinery being constructed by 
Refineria Panama, S.A., an affiliate of 
Continental. Huth formerly was superin- 
tendent, Catalytic Cracking Division. 


Cesar A. Calderon and S. L. Des- 
cartes have been elected to the board 
of directors, Commonwealth Oil Refining 


Calderon Descartes 


Co., Inc. The elections increased the 
Puerto Rico oil refiner’s board member- 
ship to 12. 


Gustave F. Wunder has been named 
general manager of Procon (Great 
Britain) Ltd., refinery and chemical 
plant construction company, a subsidiary 
of Procon Inc., Des Plaines, Ill. Wunder, 
formerly chief engineer, joined Procon 
in 1952 as a coordinating engineer and 
was made chief engineer of the British 
subsidiary in 1960. 


Paul Saltzer has been named assistant 
treasurer of Sonneborn Chemical and 
Refining Corp., a subsidiary of Witco 
Chemical Co., Inc. Saltzer joined Sonne- 
born in 1954 and was made comptroller 
in 1958. 


Robert W. Olsen has been appointed 
senior project automotive engineer, Re- 
search and Development Department, 
American Oil Co. Thomas M. O’Grady 
has been promoted to project chemical 
engineer. 


A. M. L. Kube has been named Pan- 
handle district superintendent for Phillips 
Petroleum Co.’s Natural Gasoline De- 
partment, Borger, Texas, succeeding 
A. W. Paris, who has retired. Kube, who 
had served as assistant district superin- 
tendent since 1958, joined Phillips in 
1942 after graduation from Texas Tech- 
nological College. 


D. H. Barran, president of Asiatic 
Petroleum Corp. and Shell Caribbean 
New York, has _ been 
appointed to succeed F. J. Stephens as a 
managing director, Royal Dutch/Shell 
group of companies. 


Petroleum Co.. 


N. Loring Bowen, Jr., has been 
elected 
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Port of New York Authority photo 
... With low-cost piping that ensures fast flow, 
no metallic contamination handling liquid sugar 
for Refined Syrups & Sugars, Inc. 


The piping system you see here makes good use of the natural corrosion 
resistance of aluminum to handle liquid sugar at Refined Syrups & 
Sugars, Inc., Yonkers, N.Y. The major benefits: no product contami- 
nation, long service life and low maintenance. Actually, the use of 
aluminum pipe insures palatable sugar solutions, especially in final 
refining stages. Aluminum’s corrosion resistance contributes to the uni- 
form high quality of the sugar, guaranteeing freedom from metal pick- 
up. Low friction factor speeds syrup flow . . . and initial cost is sur- 
prisingly low. You see once more how ALcoa® Aluminum adds major 
improvements to a basic good design. See how it can do the same for 
your designs. Simply mail the coupon. 
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Aluminum Company of America, 827-E Alcoa Building, Pittsburgh 19, Pa. 


Please send me the following literature covering Alcoa Aluminum for tubular 
products and other uses in the process industries: 


[] 34-10197 Aluminum Pipe and Fittings 

[) 34-10418 Alcoa Unitrace: Combines Piping and Tracing in One Unit 
() DD-514 = Alcoa Duotrace Technical Report 

[) 68-10460 Process Industries Applications of Alcoa Aluminum 

C) 50-19415 Welding Alcoa Aluminum 

Name____ 

Company_ 
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City ae SO 
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MANNING 


CONSOLIDATED SAFETY RELIEF VALVES have 
a special “O” Ring Seat Seal that stops leakage completely 


The Seal is a resilient ring set in the valve disc. 
It maintains no-leak tightness by contact with a 
specially curved seating surface on the valve 
nozzle, yet does not carry the seat load imposed 
by the valve spring. 


Tightness is maintained at operating pressures 
far closer to set pressure than with metal-to- 
metal seats alone. Tight closure is as efficient 
after “simmer” as on normal blowdown. Piping 
strains are absorbed far better by the resilient 
seal than all-metal seating. If the tough seal is 
ruined by entrained abrasives, replacement is 


MAXWELL 
pe 


Ml 


INI 3YOOW 3 


TRADE MARK 


Consolidated Safety Re- 
lief Valves are available 
in both Standard and Bal- 
anced Bellows design for 
extreme corrosive appli- 
cations. 


easy. Seals are available in materials that resist 
corrosive fluids. Maintenance costs are greatly 
reduced. 


Standard Consolidated Safety Relief Valves have 
an eductor tube that removes pressure from the 
closed bonnet. Only the spring controls valve ac- 
tion. You get guaranteed capacity ratings ahd 
highest dependability—absolute protection for 
personnel and equipment. Additionally, there is 
the economy of converting the Standard valve to 
the Balanced Bellows type in your own shop. 
Get complete details. Write for Bulletin 1940. 


CONSOLIDATED SAFETY RELIEF VALVES 


A product of 


MANNING, MAXWELL & MOORE, INC. 


Valve Division + Tulsa, Oklahoma 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N. Y. 
Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 


For more data on advertised products, use Readers’ Service Cards, last page. 
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Design Co., Inc. He was formerly in the 
Law Division of American Cyanamid Co. 
and served as secretary and general 
counsel, Chemical Construction Corp. 


John E. Hinman has been appointed 
group leader, Research and Develop- 
ment Department, American Oil Co., at 
Whiting, Ind. He will head development 
work on new processes for catalytic 
cracking. Hinman joined the laboratory 
staff in 1952, after graduating in chem- 
ical engineering from Cornell University. 


William K. Hunter has been promoted 
to manager of chemical product develop- 
ment, Universal Oil Products Co. Robert 
P. Zimmerman has been named research 


Hunter Zimmerman 


coordinator, chemical products research. 
Hunter joined the company in 1947 and 
Zimmerman has been with UOP since 
1941. 


Jack W. Dallman has been promoted 
to technical services manager, Interna- 
tional Refineries, Inc., Wrenshall, Minn. 
Dallman started at the refinery in 1955 
as a process engineer and was later made 
senior engineer. He was previously a 
engineer with The Standard 
Ohio) at Toledo. 


chemical 


Oil Co. 


P. N. Kuehler has been named man- 
ager, Coordination 
Division, Humble Oil 
and Refining Co.’s 
Baytown refinery. He 
has been petroleum 
products adviser to 
the refinery’s general 
manager since last 
August. Kuehler re- 
ceived a B.S. degree 
in chemical engineer- 
ing at 
nological College and 
degree at the University of 


r Texas Tech- 
Kuehler 
an MSS. 


Tennessee. 


J. C. (Chris) Sanders, Jr., assistant 
plant manager of The Ethyl-Dow Chem- 
ical Co.’s Freeport, Texas, installation, 
has been promoted to plant manager. 
Sanders succeeds V. A. Thorpe, who has 
been transferred to Dow’s Texas Division 
at Freeport as general superintendent of 
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Graver tank for rocket fuel prevents contamination, 
reduces general maintenance 


Built by Graver Tank & Mfg. Co., East Chicago, Ind., division of 
Union Tank Car Co., this aluminum pressure vessel stores rocket 
engine fuels for a famous eastern aerospace contractor. It was con- 
structed for a design pressure of 45 psi, and was welded automatically. 
Aluminum prevents product contamination, resists corrosion, costs less 
to maintain. Whether product storage is an intermediate or final step 
in your operations, tanks of ALCoA® Aluminum will help cut costs 
and preserve product purity. Send the coupon for more information. 
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Aluminum Company of America, 827-E Alcoa Building, Pittsburgh 19, Pa. 
Please send me the following literature covering Alcoa Aluminum for tubular 
products and other uses in the process industries. 


[) 34-10197 Aluminum Pipe and Fittings 
[) 34-10418 Alcoa Unitrace: Combines Piping and Tracing in One Unit 
(J DD-514 Alcoa Duotrace Technical Report 

[) 68-10460 Process Industries Applications of Alcoa Aluminum 

Name _ Title 
Company 
Address _ 
Cay 


Zone ___ State 
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ENGINEERING PERSPECTIVE 
THROUGH A 


WEIN TOR 


Venturi tubes were 
first used for 
measuring fluid flow. 
While this application 
has increased 
substantially, the use 
of the Venturi in 
important unit process 


JET REFRIGERATION 


22” insert type nuclear reactor nozzle 


Lenape's Depth of Resources—imaginative engineering, ‘‘cus- 
tomized"’ design, extensive facilities and skilled workmanship 
—has, for nearly 40 years, produced the finest connections for 
pressure vessels. Typically, when Nuclear Age reactor vessels 
posed a new set of connection problems, Lenape called on that 
Depth to fashion a wide range of nozzles and connections 
meeting the most stringent requirements. 


Count on Lenape’s Depth to answer your connection 
problems. Write for the Lenape catalog today. 


operations has 
increased even more. 
A Jet-Venturi 
combination ts 
literally the heart of 
many important 
manufacturing 
processes. 


Chill-VACTORS® 


350 


JET COMPRESSORS 
JET CONDENSERS 
JET HEATERS 
JET PUMPS 
JET MIXERS 
JET REACTORS 
JET ABSORBERS 
JET FUME SCRUBBERS 


SPECIAL JET VENTURI UNITS 


During the first several years of the forty- 
two year history of our firm, we specialized 
entirely on steam jet vacuum pumps (ejec- 
tors). Many thousands of these are in service 
throughout the country and in most foreign 
countries. Our tradename, EVACTOR, is an 
important word in engineering circles. While 
steam jet vacuum pumps are still our major 
item, other applications of Jet-Venturi equip- 
ment are increasing constantly. With the ex- 
ception of closely related products such as bar- 
ometric condensers, CHILL-VACTORS, and 
CONVACTOR* systems, all of our activity 
is directed to the one purpose of making Jet- 
Venturi units more efficient, more dependable, 
more economical, and to apply them to an in- 
creasing number of industrial applications. 


* The CONVACTOR is a dual condensing system for 


economic and efficient recovery of high boiling com- 
ponents from water vapor. 





« Steam-jet EVACTORS® + Aqua-VACTORS® - 


For more data on advertised products, use Readers’ Service Cards, last page. 


Croll-Reynollls 


Main Office: 751 Central Avenue, Westfield, N. J. 





Fume Scrubbers + Special Jet Appara.us 


Red Man 


Products OEPT. 106 WEST 


QO LENAPE 


LENAPE HYDRAULIC PRESSING & FORGING CO, 


CHESTER, PENNSYLVANIA 


FLUID & GAS PRESSURE TANKS 
STAINLESS & CARBON STEEL TANKS 
(GOVERNMENT SURPLUS BARGAINS) 


Steel tanks for the handling, storage and transportation of gases, bever- 
ages, fuels, hydraulic fluids and other liquids. Stainless steel tanks for 


corrosive acids and gases. 


J-1 PRESSURE TANK Stain- 
less steel, surplus aircraft oxygen 
tank. 48” long, 24” dia. Rated for 400 
P.S.1. working pressure, 18,000 cu. 
in. vol., 77.9 gal. capacity. 4%” pipe 
thread fitting at each end. New con- 
dition. Shipping weight 247 Ibs. 
F.0.B. Chicago. 

$9950 


No. AH832 
G-1 TANK 
Stainless steel. 
Capacity 2100 cu. 
- —- in. (9 gals.) 450 
P.S.I. 4%” pipe thread port at each 
end. 24” long, 12” dia. Shipping 
weight 19 Ibs. F.0.B. Chicago. (Two 
for $27.00.) 
No. AH63 Each $1495 


NON-SHATTERABLE CO: 
CYLINDER This type of pres- 
sure bottle was used by the Armed 
Forces for inflating life rafts. 181%” 
long, 3%” dia. Has 4%” pipe thread 
opening at one end. Capacity 2.98 
Ibs. of CO.—at 1800 P.S.I. Shipping 
weight 10 Ibs. F.0.B. Chicago. 

. AH303 $25 





Gores meme Tf 


FREON TANK Capacity 22 oz. 
of Freon F22, 6 cc Methyl Alcohol. 
184,” long, 2” dia. %” pipe thread 
opening at one end. Equipped with 
brass valve. Shipping weight 3 Ibs. 
F.0.B. Chicago. (Six for $8.00). 

No. AH834 Each $150 


~- 
} 








D-2 AIR TANK Carbon steel. 
Capacity 500 cu. in. (approx. 2 gals.) 
450 P.S.I. 4%" pipe thread port at 
each end. 24” long, 6” dia. Postpaid. 
(Two for $8.50). 
No. AH391 Each 
= CORNELIUS 
HIGH PRESSURE 
ata P.S.1.) 


COMPRESSOR 
Three cylinder, 3- 
stage compressor, 
2 complete with 27 
volt, D. C. 20 amp. motor, with fan. 
Rated 1500 P.S.1. continuous duty, 
2000 P.S.I. intermittent. Pressure 
switch in base. As released by Air 
Force, in used, serviceable condi- 
tion. Covered by our 30 day GUAR- 
ANTEE. 1134” long, 7” high, 9” wide. 
Shipping weight 12 Ibs. F.O.B. Chi- 
cago. Limited quantity. 
No. AH549... rer 
Write today for FREE CATALOG 
of other EQUIPMENT BARGAINS ! 


1139 SOUTH WABASH AVE.. DEPT. AH-5,CHICAGO 5, ILL.. WEbster 9-3793 
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alkali products and _ rectifiers. Sanders 
has been assistant plant manager since 
1953. He has been with Dow and Ethyl- 
Dow since 1940. 


John R. Ghublikian has been named 
manager, process engineering section, 
and Robert G. Hargrove, manager, proj- 
ect engineering section, Badger Manu- 


Ghublikian Hargrove 
facturing Co. Ghublikian will head the 
Process Development Department. Har- 
grove will supervise the project, mechan- 
ical and drafting departments. 


Dr. Robert H. Reed has been elected 
vice president, development, Solvay 
Process Division, Allied Chemical Corp. 
Joining Solvay in 1949, Dr. Reed has 
served as director of research, and assist- 
ant director of development. He was ap- 
pointed director of development in 1960. 


G. R. L. Shepherd has been named 

assistant division 
head, manufacturing 
research and devel- 
opment, Humble Oil 
& Refining Co.’s Bay- 
town, Texas, refinery. 
He is responsible for 
research on _ fuels. 
Shepherd holds B.S. 
and M.S. degrees in 
chemical engineering 
from Insti- 
tute of Technology. 


Georgia 


Shepherd 


Robert J. Simon has been appointed 
area development manager for Europe 


after serving in the same capacity for the | 


Asia-Pacific area for Monsanto Chemical 
Co.’s Overseas Division at St. Louis. 


Jim Hayes has joined the National 
LP-Gas Council as midwest field repre- 


sentative. He was formerly public rela- | 


tions director for the Michigan Depart- 
ment, The American Legion. 


John J. Cullen has been named man- 
ager of operations, California Oil Co.’s 
Refining Department. Cullen, who has 


been general superintendent of Caloil’s | 


Perth Amboy refinery, joined the com- 
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ALA 


good designs made better with aluminum 


Fz - 
| 20 
 - 


Dracco Conveyor ensures 
contamination-free handling of polyolefins 


Polyolefins, having stringent specifications for purity, require a special 
type of bulk handling. That’s why this network of Dracco’s Airstream 
Conveyor Systems incorporates miles of ALCOA® Aluminum piping. 
It’s a multiphase system designed by Fuller Company’s Dracco Divi- 
sion for Phillips Chemical Co., leading producer of high-density poly- 
olefins. Aluminum piping protects product purity, avoids unwanted 
color. With aluminum, there’s no maintenance inside or out; superior 
heat-transfer ability cools conveying gases. Perhaps aluminum can im- 
prove your good design. For more information, please send the coupon. 


Waicoa ALUMINUAA 





Aluminum Company of America, 827-E Alcoa Building, Pittsburgh 19, Pa. 
Please send me the following literature covering Alcoa Aluminum for tubular 
products and other uses in the process industries. 
(1) 34-10197 Aluminum Pipe and Fittings 
(C) 34-10418 Alcoa Unitrace: Combines Piping and Tracing in One Unit 
[) 68-10460 Process Industries Applications of Alcoa Aluminum 


Name Title 








Company 
Address 
City Zone 











State 
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Planning New 
Capacity ? 


NELSON'S "POWER HOUSE" 
Will Save You Time and Money 


Imagine the economies and advantages of having a 
factory assembled, factory wired unit containing a variety of 
equipment such as low voltage switchgear, motor control 
centers, high voltage starters, metering and relay equipment, 
etc., in a single weatherproof structure giving complete pro- 
tection against rain, snow and sleet. The Nelson ‘Power 


House” can be pressurized for use in hazardous areas. 


Each unit is designed to fit your requirements. If you are 
planning either new construction or a plant expansion program, 
contact your Nelson representative or write for Bulletin 1035D. 


@ Reduces installation cost. @ Complete package — 
nothing extra to buy. 


@ Eliminates costly construc- 
tion yet provides shelter e@ All components factory 
for operators and mainte- wired — factory tested. 
nance people. 


BIG ENOUGH TO PERFORM 
SMALL ENOUGH TO CARE 
<_ 


NaRe) RIZE a \@ally) (cmae) 


TULSA, OKLAHOMA 


_ P. O. BOX 5385 NATIONAL 7-5530 


For more data on advertised products, use Readers’ Service Cards, last page. 
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Men... 


pany as an engineer in 1947. Since that 
time he has been in supervisory positions 
related to operation and maintenance. 


H. E. Knowlton has been appointed 
group supervisor, process correlation, 
process planning section, Richmond Lab- 
oratory, California Research Corp. 


Emory H. Kimball has been ap- 
pointed manufacturing superintendent 
for the Delaware River plant of Mon- 
santo Chemical Co.’s Organic Chemicals 
Division, after serving in the division’s 
Engineering Department at St. Louis. 


Paul W. Maloney has been named 
assistant manager, Employe Relations 
Division, Esso Research and Engineering 
Co. Maloney had been serving as head of 
a special studies unit in employe rela- 
tions, 


Wayne H. Walker, manager and a 
director of Pan American International 
Oil Co., has been elected an administra- 
tive vice president of the firm. 


Wallace E. Avery, secretary of Tex- 
aco, Inc., has been named vice president 
in charge of Texaco’s West Coast opera- 
tions. He will headquarter in Los An- 
geles. Maury L. Need, director of the 
company’s budget, will succeed Avery as 
secretary. 


John A. Armstrong has been ap- 
pointed to the board of directors, Im- 
perial Oil Co. He succeeds George L. 
MacPherson, who has retired. 


George J. Gohlinghorst has been 
appointed administrative assistant to the 
executive vice president, American Oil 
Co., Chicago. Gohlinghorst has been dis- 
trict manager in the Marketing Depart- 
ment of the company at Rockford, Ill. 


Ray C. Adam, manager of planning, 
Analysis and Economics Department, 
Socony Mobil Oil Co., has been elected 
vice president and general manager, Mo- 
bil’s Manufacturing Department. Adam 
replaces William H. Montgomery, who 
has retired. 


Donald B. Reeve has been named 
western regional manager, National LP- 
Gas Council. Reeve will handle public 
relations and membership recruitment 
throughout the 11 western states. He 
will headquarter in Beverly Hills, Calif. 


Robert C. McConnell has been named 
special assistant to Assistant Secretary 
for Mineral Resources John Kelly. Mc- 
Connell was appointed by Interior Sec- 
retary Udall. 


Otto Dewey Donnell, 77, retired 
president of The Ohio Oil Co., died 
April 9 at Findlay, Ohio. 
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NOW.../for the first time, 


Stillman aircraft quality 


Preseurestight > | x and know-how are 


available in 


INDUSTRIAL 


Electrical 
control 


Pressure-tight 
filter 


Through Stillman Technology and volume produc: 
tion, Stillman high-quality O-Rings are available at 
Plane-type extremely low cost. The same quality and reliability 
press filter that are engineered into O-Rings for the aircraft and 
for 20 atm. missile industries are also featured in the new Still- 
man Industrial O-Rings. These all-purpose seals are 
designed for use in all phases of industrial sealing 


and are uniformly high in important features of chemi- 
cal resistance, low swell, long life, and sealing depend- 
ii ability. Stillman O-Rings are stocked in a complete 
range of sizes for rapid delivery. 
KRAUSS-MAFFEI—IMPERIAL aio 


MUNCHEN-GERMANY Write for the all-new Stillman 


cag gent O-Ring brochure, ~~ 
ree on request. ae Ma 


F LT ER S NOTE: Major distributorships still 


'¢ E 1] if R | F U G E S available in some major cities. 


DRYERS STILLMAN RUBBER 
PULP MILL EQUIPMENT COMPANY 


Culver City, Calif./Cleveland, Ohio / Englewood, N. J. 
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New Books... 





As selected by the editors of PETROLEUM REFINER 


Additives for Lube Oil 

“Additives for Lube Oil: A Study of 
the Market” although written from the 
viewpoint of aiding suppliers, is also 
useful to the refiner of lubes. The objects 
of the survey are to: 

@ Estimate the quantities of each 
major type of lubricating oil additive 
being used and to be used annually 
through 1965. 

@ Find out who are the important 
marketers of lube oil additives and what 
kind of products they produce. 

@ Determine what marketing and 
service requirements are essential for a 
marketer of lube oil additives. 

@ Determine if there are fields 
open for development in the lube 
additive manufacturing business. 

Additives for Lube Oil: A Study of 
the Market, Science Information Asso- 
ciation, P. O. Box 2284, Houston 1, 
Texas, 106 pages, $9.25. 


still 
oil 


Bureau Publications 

“List of Publications Issued by the Bu- 
reau of Mines” contains more than 7,500 
listings of virtually all scientific and tech- 
nical publications issued by the Bureau of 
Mines during the half-century of the Bu- 
reau’s existence. 

A detailed index provides a guide for 


search of scientific and other infor- 
mation in the realm of minerals. The in- 
dex alone, presented both as to subject 
and author, occupies about half the book 
Also included are names of the many de- 
pository libraries that carry the Bureau’s 
reports. 

List of Publications Issued by the Bu- 
reau of Mines, Superintendent of Docu- 
ments, U.S. Government Printing Office, 
Washington 25, D. C., 826 pages, $4.25. 


easy 


Refinery Hazards 

“Hazard of Air in Refinery Process Sys- 
tems,” Fourth Edition, 1960, presents the 
basic fundamentals of this important 
safety subject. It discusses in detail the 
chemistry of fire, oxygen, fuel, ignition 
sources, detonations, and other failures. It 
tells how to avoid flammable mixtures, 
eliminate oxygen, and some key 
points to remember in safe operation. 

“Hazard of Water in Refinery Process 
Systems,” Fourth Edition, 1960, discusses 
the nature of water and steam, water in 
units, water in tankage, and a 
number of other water hazards. It offers 
many good points on the safe use of water 
in refining operations. 

“Safe Ups and Downs for Refinery 
Units” covers in detail a safe, systematic 
shutdown and startup procedure for refin- 


gives 


pre CESS 


ery units, and offers good, basic 
safety methods in unit operation. 

Standard Oil Co. (Indiana), Hazard 
of Air in Refinery Process Systems, 
Hazard of Water in Refinery Process 
Systems, Safe Ups and Downs for Re- 
finery Units, John E. Engle, Supervisor 
of Safety, Whiting refinery, American Oil 
Co., Whiting, Ind., 35 cents each. 


some 


Red China’s Oil Progress 

“Petroleum, Synthetic and Coal In- 
dustries—Communist China,” report No. 
60-41439, reports that Communist China 
is able to produce almost 100 different 
kinds of petroleum products, and _ that 
it is able to build 90 percent of its own 
petroleum prospecting and refining equip- 
ment. 

The report includes Communist 
China’s progress in the coal and _ petro- 
leum industries during the past 10 years. 
The booklet is one of four translated 
surveys of Communist Chinese and Rus- 
sian industrial development released to 
science and industry. 

Ta-yu, Chang, and others, Petroleum, 
Synthetic and Coal Industries—Com- 
munist China, No. 60-41439, Office of 
Technical Services, Business and Defense 
Services Administration, U.S. Depart- 
ment of Commerce, Washington 25, D.C.. 
62 pages, $1.75. 


also 





Pe 


R/M HOSE ... First for Service 


at the Refinery 





Non-Burst SUPER-MASTER BW Steam Hose 


Preferred by safety engineers for flash- 
fire protection, clean-up...for tem- 
porary dock-to-ship steam lines to clean 
vessels and tank cars. Maximumstrength 
and flexibility ... maximum safety. 
Made with neoprene cover to stand heat 
and weather. Write for Bulletin M630. 


@ Practically Burst-Proof 

@ Static Wire 

@ Steel Wire Braid Reinforced 
@ Butyl Cover 


@ For Pressures to 200 Ib— 
(388° F) 


for Industrial and Home Delivery 
Underwriters’ Labeled HOMOFLEX PROPANE Hose 


@ Light, Flexible as a Rope 
@ Mandrel Made, Kink-Proof 
@ Braid Plies 

@ Stainless Steel Static Wire 





Easiest hose to handle from tank truck 
to supply tank. Labeled by Under- 
writers. Meets specifications of state 
regulations covering use of liquid pe- 
troleum gases. Uniform inside and out- 
side diameters for safer, easier coupling. 


@ Hycar Tube, Neoprene Cover Write for Bulletin M630. 


SPECIFY R/M HOSE FOR “MORE USE PER DOLLAR” 
RAYBESTOS-MANHATTAN, INC. 


MANHATTAN RUBBER DIVISION + PASSAIC, N. J. 
ENGINEERED RUBBER PRODUCTS 











For more data on advertised products, use Readers’ Service Cards, last page. PETROLEUM REFINER I “ol. 40), No. 





Suppliers Nlotes... 





An aerial view of Gulf States Tube Corp.’s plant site at Rosenberg, Texas, shows 
a new extrusion press and hot finish mill at left, the tool shop and Engineering De- 
partment center, and the original cold draw mill on the right. The plant now has 


125,000 square feet of buildings. 


AMERICAN POTASH & CHEMICAL CORP. 
has appointed Edward O. Carlton sales 
representative with headquarters in Kan- 
sas City, Mo. Carlton will serve Southern 
Illinois, Missouri, Northern Oklahoma, 
Eastern Kansas, Nebraska, South Dakota 
and Southwestern Iowa. He was with 
Swift & Co. before joining American 
Potash. 


HENRY J. KAISER CO. (CANADA), LTD., 
has elected T. A. Bedford president and 
director. Bedford has been vice president 
in charge of engineering and construction 
project development for Kaiser Engi- 
neers since 1955. 


HODAG CHEMICAL CORP. has named 
Rocco L. Russo technical service man- 
ager. He will deal with field problems, 
laboratory testing and new product eval- 
uation. Harry B. Parker has been ap- 


Russo Parker 


pointed technical representative. He will 
handle _ technical 
industries in Michigan, Northern Indiana 
and Western Ohio, from his headquar- 
ters in Kalamazoo, Mich. 


service to the process 
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NORTON CO. has assigned Bruce Cramer, 
formerly refractories engineer in the Te- 
terboro, N. im area, to the Technical 
Development Department, Worcester, 
Mass. Cramer is succeeded in the Teter- 
boro post by Jacob J. Walter, previously 
refractories engineer in Philadelphia. 
John A. Trogolo has been transferred 
from Chicago, to replace Walter, and 
Frederick W. Stover, who was in the 
Product Engineering Department, Wor- 
cester, has been named refractories en- 
gineer to succeed Trogolo at Chicago. 


SCIENTIFIC DESIGN CO., INC., has elected 
D. Kenneth Finlayson vice president, 
sales. Finlayson was eastern representa- 
tive, business development group, Bechtel 
Corp. and was a vice president of Bech- 
tel International Corp. 


BROOKFIELD ENGINEERING LABORATORIES 
has assigned Peter J. Costello to its sales 
engineering staff. Costello, who was form- 
erly with Calidyne Co., Woburn, Mass., 
will concentrate on the sales and service 
of automatic viscosity control instrumen- 
tation. 


HEYDEN NEWPORT CHEMICAL CORP.’s 
Nuodex Products Division has named 
John A. Merwin, Jr., assistant to William 
G. Seymour, eastern regional sales man- 
ager. Merwin was previously with Amer- 
ican Cyanamid Co. in their Pigments 
Division. 


NUODEX PRODUCTS DIVISION, Heyden 
Newport Chemical Corp., has appointed 
William B. Philipbar sales development 
manager. Philipbar will initially supervise 
the new product lines including cat- 
alysts, industrial fungicides, nickel chemi- 


R/M Capability Produces 
Asbestos-Teflon* Packings 


with low breakaway friction and 
excellent resistance against most 
solvents, acids and other chemicals 


When you install R/M Nos. 840SW and 
840SB braided and “Teflon”-impregnated 
packings or R/M No. 848 “Teflon” fila- 
ment packing on your valves and pumps 
you can forget the troubles normally as- 
sociated with acids and corrosive fluids. 
They represent the most effective combi- 
nation of materials for resisting solvents, 
acids and other chemicals—high grade 
And they 
lubricants that 


asbestos yarn and “Teflon.” 


eliminate the need for 
might contaminate the materials handled. 
They are specified as original packings by 
many manufacturers of chemical-handling 
valves and pumps. 

R/M No. 840SW is designed primarily 
for use in pumps and valves handling 
solvents, R/M No. 840SB is most effec- 
tive in resisting strong acids and corrosive 
fluids, R/M No. 848 is usually applied 
where 


strong and concentrated acids, 


solvents and slurries are conveyed. 

We will be glad to recommend pack- 
ings for any special requirements you 
may have. Consult us—and send for a 
copy of our new Catalog P-100 contain- 
ing complete information on R/M Me- 
chanical Packings and Gasket Materials. 
* Registered trademark for DuPont fluorocarbon resins 


RAYBESTOS-MANHATTAN, INC. 


RA PACKINGS 


PACKING DIVISION, PASSAIC, N.J. 
MECHANICAL PACKINGS AND GASKET MATERIALS 
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Handling Pipe Expansion 
in 1,300 ft. Asphalt Lines 


PROBLEM —atthis plant in Arkansas, asphalt at 500°F is pumped 
from refinery through approximately 1,300 feet of steam traced 6" in- 
sulated steel pipe. Heating of the piping causes a considerable increase 
in length. The problem of calculating movement and making proper 
allowance for this pipe expansion was complicated by the fact that the 
piping runs at various angles and elevations. (See ANSWER below.) 

| BARCO EXPANSION UNIT | BARCO EXPANSION UNIT 


wiTH ,THREE 


=} ‘sy Pi These schematic OFFSET (FS BALL 
j } : { diagrams from IN LINE y : ry s JOINTS 





Barco Bulletin med MES; |e 
31A explain the Ht ee 
accompanying we | | 
photos. 


_ 


BALL JOINT 
EXPANSION UNITS 


(NO REACTIVE FORCES) 


ANSWER-—Barco Ball Joints solved the “pipe expansion” 
problem SIMPLY, ECONOMICALLY, EFFECTIVELY. No 
complicated calculation of stresses was required—Barco Ball 
Joints (see arrows) provide points of flexibility. In offsets (A), 
three joints allow for expansion; or four joints (B) are used to 
form a minimum size expansion loop. 


Rugged “Fire-Safe” Barco joints have no thin wall sections, no 
critical points of fatigue, no rubber seals. They develop no 
“end thrust’... no reactive forces; require no expensive anchor- 
ing. They are ideal for steam and 

all kinds of fluids, including as- 

phalt. Choice of styles and sizes 4” 

to 16” to meet your requirements. E 

SEND FOR BARCO BULLETIN 31A. ° {>>-. <3 


BARCO 
MANUFACTURING CO. 
542F Hough Street, Barrington, Illinois 


In Canada: The Holden Co., Ltd., Montreal 


356 For more data on advertised products, use Readers’ Service Cards, last page. 
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| cals and stearates. He was formerly pro- 
| duct sales manager, Stearates Division, 
| Nuodex. 

| 





| Visitors from south and north of 
| the border—Hector M. Rivera (left) 
from Mexico and Jack Stout of Canada 
(right) are being greeted by Fred Cran- 
dall, general sales manager of T. D. 
Williamson, Inc., at the recent Tulsa 
general sales conference of T. D. Wil- 
liamson, Inc. Both Rivera and Stout are 
sales representatives for the company. 


COOPER-BESSEMER CORP.’s C-B/Southern 
Division has named Jack Mershon area 
sales manager in the mid-continent dis- 
trict. Mershon, to headquarter in Tulsa, 
will serve the mountain states, west 
central states and Western Canada. 





| ACF INDUSTRIES, INC., has elected J. S. 
| Downs, who heads the W-K-M Division, 

a vice president. Downs will continue 
| to be in charge of W-K-M Division as 
| vice president of ACF Industries and 
| general manager of W-K-M. 


| BENJAMIN FOSTER CO., Philadelphia, Pa., 
| manufacturer of industrial adhesives and 
| coatings used in the protection of ther- 
| mal insulations, will expand its operations 
| by building a plant in Houston. Present 
| plans call for the plant to be in operation 
| by June 1, 1961. 


| SYMINGTON WAYNE CORP. has elected 
| Coates F. Bateman excutive vice presi- 
dent and a director. Bateman, previously 
vice president and general manager of 
the firm’s Wayne Division, will manage 
all of the company’s domestic operations. 


B. F. GOODRICH TIRE CO, has named 
| H. W. Peters Portland, Ore., zone man- 
| ager. Peters was formerly Portland dis- 
| trict manager responsible for wholesale 
| tire sales to dealers in Oregon. 


UNION ASBESTOS & RUBBER CO.’s vice 
| president, Emil T. Johnson, has been 


PETROLEUM REFINER—Iol. 40, No. 5 














May 1961—PertTROLEUM REFINER 











TANK “GROWS” 26% to 61% — Here is how in-line 
blending increases tank utilization. With ordinary batch 
blending, minimum tank cycle time at this refinery was 
approximately 48 hours from empty to full to empty. If 
off-specification required reworking, a maximum cycle 
time of about 58 hours resulted. With in-line blending, it 
is reduced to a minimum of 36 hours — or a maximum 
of 38, if hold time is necessary for final sampling and 
testing. In this case, in-line blending resulted in a mini- 
mum increase of 26% to a maximum of 61% in tank 
utilization. By blending into and loading out of tanks 
simultaneously, an increase of over 100% is obtained. 


HE ARRIVAL OF ELECTRONICS on the scene has dramat- 
ically changed the outlook of in-line blending in the 

oil industry. 
Until now, you had to make such 


* * big changes in field piping that most 
New In-Line Blending Developments existing refineries could not justify 


the expense. In-line blending has been 
adopted at most new refineries, almost 


Save Dollars at Existing Refineries as a matter of course, but operators 


By B. G. Crane 


of older plants have had to stand wish- 
fully by. 

Now it is no longer necessary to make such extensive 
piping changes. With electronic control equipment and 
transmission of signals as digital pulses, you do not have 
to pipe gasoline components to a central meter station 
adjacent to a control room. 


Other Savings 


Not only do you save piping costs, but there are also 
definite savings in the size, location and installation costs 
of the control room and control equipment. 
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TANK UTILIZATION BATCH VS. IN-LINE BLENDING 


MAXIMUM TOP WORKING LEVEL 
125,000 _ 
124,400 -f 


Pumping Rate 
5,000 bbis/hr 


CYCLE TIME 
"IN-LINE" 


MINIMUM 
MAXIMUM 


LIQUID LEVEL IN TANK 


MINIMUM HEEL 
™“s 





Pum 


; 1000 


ing Rate 
bbis /hr 


Loading Rate 
10,000 bbis/hr 


CYCLE TIME 
"BATCH" 





l | 





20 28 


32 36 40 


CYCLE TIME IN HOURS (Empty-Full- Empty) 


INCREASED TANK UTILIZATION- CYCLE TIME ONLY 


Minimum Increase = Minimum by Batch vs. Maximum by In-Line 


48.12 + 38.12 = 1.26 or on increase of 
Maximum Increase = Maximum by Batch vs. Minimum by In-Line 
= 58.12 + 36.12 = I.61 or an increase of 








Constant-Concentration Loop 


Another new development is the constant-concentration 
loop for adding lead antiknock compounds. Often, lead 
blending facilities are far from the desired location of the 
gasoline blend header, necessitating relocation of the unit. 
The so-called “constant-concentration TEL loop” eliminates 
any need to move the blending plant or build a new one 
closer to the header. 

At one refinery, this constant-concentration loop will 
save $50,000 in construction costs. 


Greater Tank Utilization 
Since in-line blending can increase tank utilization as much 
as 100%, it may justify a closer look at many existing 
refinery locations — particularly where tankage is becoming 
inadequate or is in need of replacement. 

In-line blending speeds up blending time, permits you 
to blend closer to ultimate specifications with no “quality 
giveaway”, and gives operating flexibility never before 
possible. 

You save in many other ways, too. No reblending. Less 
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loss of light ends. Lower labor cost. Lower inventories of 
additives. Increased safety. These are all factors to con- 
sider when you compare in-line blending to your present 
batch or partially continuous method. 


B. G. CRANE is Manager of Operations for 
Du Pont’s Petroleum Chemicals Division. 
He has been active in the field of gasoline 
blending with antiknocks and other addi- 
tives for nearly 30 years, and has been an 
active participant in the development of 
in-line blending techniques. He recently 
spoke on this subject at a W.P.R.A. meet- 
ing, and reprints of his talk are available. If 
you would like a copy, contact your Petro- 
leum Chemicals Division representative 


LEAD ANTIKNOCK COMPOUNDS 
AND OTHER PETROLEUM ADDITIVES 


BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 


#46 us pat orf 


359 





Completed 

Installation 
Completed 
Installation 

(When welding 
is Specified) 


The Smith Split-Coupling can be 
used as coupling, repair clamp or 
split sleeve. 

Easy installation—Place halves 
around pipe. Tighten side bolts. 
Permits welding while pumping. 
Available in standard pipe sizes. 
Extra lengths and special 


dimensions on application, 


THE PIPE LINE DEVELO 


5700 Detroit Avenue - Cleveland 


REPRESENTATIVES 
THROUGHOUT THE WORLD 


MODEL 9B PYROTEST 


The Most Versatile 
Portable Potentiometer Made 


@ Checks any 
thermocouple-actuated 
instrument 


e@ Guaranteed accuracy— 
% of 1%. 

@ 9 interchangeable, 
direct-reading scales 


Pyrotest is the only portable potentiometer that can check any 
thermocouple-actuated indicator, controller, or recorder. It comes 
with 6 thermocouple scales and 3 MV scales—as easy to change 
as phonograph records. Scale length of over 4 feet, with high 
resolution to match. Pyrotest is so accurate, it’s used as a standard 
in the lab . . . so versatile and rugged, it’s used as an all-purpose 
tool everywhere in the plant. Only $315.00, fob Indianapolis. 
Write for free Bulletin 9-B. 


TECHNIQUE 
Gap ASSOCIATES 


A Division of Duncan Electric Co., Inc. 


1413 CORNELL + INDIANAPOLIS 2, INDIANA 





| “Hi | -TU RBIANT”’ F 
HEATERS 


Direct-fired process streams (and 

heating transfer fluids) get hot 
efficiently — fast and economically — when a Western 
Precipitation ‘‘Hi-Turbiant’’ Heater does the job. 


A unique and exclusive reradiating baffle is the secret. 
It assures optimum heat absorption...and permits a 
greater height-to-diameter ratio that keeps friction losses 
low — pumping efficiency high — and saves floor space. 
Full range of sizes — 250,000 to 40-million BTU/hr. 


WANT DETAILS? For literature, write Western Precipita- 
tion, 1000 W. 9th St., Los Angeles 54, Calif. (In Canada, 
write 8285 Mountain Sights Avenue, Montreal, P. Q.) 


WESTERN 
yl tes] Jay Wale) 
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elected president of the National Insu- 
lation Manufacturers’ Association. John- 
son succeeds Hugh T. Williams, who 
was with Owens-Corning Fibreglas Corp. 
M. W. Burleson, vice president, Johns- 
Manville Sales Corp., is the association’s 
new vice president. 


HOOVER BALL AND BEARING CO. has pro- 
moted Robert B. Parker to director of 
materials and Gerald A. Graham to pro- 
duction control manager. Parker, who 


Parker Graham 


has been with Hoover since March 1959, 
was production control manager. Gra- 
ham joined the company in September 
1959. 


CARDAIR, division of Marmon-Herring- 
ton Co., Inc., has moved to new head- 
quarters at 510 Indianapolis Ave., Leb- 
anon, Ind. A manufacturer of central 
compression systems, Cardair was form- 
erly located in Chicago. 


ANALYTICAL & CONTROL DIVISION, Con- 
solidated Electrodynamics Corp., has 
named Stuart R. Ferguson principal 
manufacturing engineer. For the past 
five years, Ferguson has been production 
design staff engineer, Aircraft Division, 


Hughes Tool Co. 


CENCO INSTRUMENT CORP. has elected 
Ralph C. Read president. Read joined 
Cenco in 1956 as manager of manufac- 
turing and became executive vice presi- 


dent in 1959. As president, he succeeds | 


Alfred A. Strelsin, who has become chair- 
man of the board. 


GIRDLER PROCESS EQUIPMENT DIVISION, 
Chemetron Corp., has promoted E. Theo- 


dore Beck to sales manager for Votator | 


continous processing equipment. Beck 


had been sales manager for overseas | 
operations since 1958. He succeeds Lamar | 


D. Roy, Jr. 


PENNSALT CHEMICALS CORP. has appointed | 


Ralph C, Schaeffer to district sales man- 


ager, Salt Lake City, in the Industrial | 


Chemicals Division. Schaeffer joined 
Pennsalt in 1947. 


SOLVAY PROCESS DIVISION, Allied Chem- 
ical Corp., has appointed A. James John- 
ston, Jr., assistant to the sales manager, 
organic chemicals section. Johnston joined 
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get low-cost 


accurate 


tube maintenance; 
and fabrication (/ 


e 


. .. with Airetool’s complete line of pneumatic, job- « 
proven tube cleaners, expanders, cutters and acces- 
sories, Tube maintenance and fabrication is fast and 
accurate. Costs are low and downtime is at a= 


minimum. 


Quick Change 
Chuck 


Dial-a-Torque 
Adjustment 


AIRETROL .... compact, 
powerful pneumatic motor, easy 
to handle. One man rolls up to 
twelve 4%” to 142” OD tubes a 
minute . . . accurately. Stops 
expansion automatically within 
.001” of setting. Electrical con- 


Roll Throttle trol systems also available. 


TUBE CLEANERS... ful! 
selection of motors and 
cleaning heads for every 
type tube ... straight or 
short bend. Flexible shaft 
and universal joint for easy 
operation. 


GRINDERS... and Aire- 
tool also produces a 
complete line of vertical 
and horizontal air-powered 
grinders for snagging, 
buffing, wire wheel work, 
sanding and all types of 
grinding. 


CC-475 CONDENSER 
TUBE CLEANER... typical of 


Airetool’s wide range of pneumatic 
geared and direct drive cleaners. 
Lightweight, less than 10 Ibs., easy, 
one-man operation. Powered to clean 
the hardest scale and deposits. Built- 
in flushing system removes chips, 
cools bit. 


For complete information and 
demonstration, call your Airetool 
representative today ... or write 
us direct. 





\ AIRETOOL 





Representatives in 
the principal cities 
of the free world 


OVER 30 YEARS’ EXPERIENCE IN PNEUMATIC TOOLS 


For more data on advertised products, use Readers’ Service Cards, last page. 





Take the Pump. 


to the Job! 


Pump practically Anything -- Anywhere 





External gear and bearing type 
GEAREX pump, coupled with 
speed reducer to gasoline en- 
gine and mounted on portable 
skid-type base for oil gathering 








in the field. 


with Sler-Bath 


PORTABLE ROTARY PUMPS 











® Motor-driven or engine-driven 
@ Skid-mounted or dolly-mounted 


¢ Wide range of gear and screw pumps 
to handle materials at 


—volumes from 1 to 2,600 gpm. 


—viscosities from 32 to 5,000,000 
SSU 


—pressures to 1,000 psig. 


When you need a portable pump for 
field service—for remote locations—for 
auxiliary or standby service around the 
plant, you can have the outstanding 
performance of Sier- Bath Rotary 
Pumps with the exact construction, 
capacity and portable mounting to suit 
your needs. 

Sier-Bath Rotary Pumps handle a 
wide range of materials whether lu- 
bricating or non-lubricating, thick or 
thin, hot or cold, corrosive or non- 
corrosive. Compact and rugged — 


smooth, pulseless discharge—years of 


dependable pumping with negligible 
maintenance and repair. 
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External jacketed GEAREX 
pump, mounted on fifth-wheel 
type portable dolly, has 5-hp. 
shift 
push-button 


drive and 
starter. 


gear motor 
Delivers 
75 to 15 gpm. of heavy oil 
base material with viscosities 
from 10,000 to 300 SSU at 
temperatures of 120° to 160°F., 
discharging against 25 to 
35 psig. with flooded suction. 











Send us details of any portable pump 
requirements or discuss your needs with 
the Sier-Bath representative listed in 
your “Yellow Pages’’. Write for cata- 
showing all Sier-Bath Rotary 
Pumps. 


logs 


Sier-Bath GEAR & PUMP CO., Inc. 
9261 Hudson Blvd., North Bergen, N. J. 


Founded 1905 Member A.G.M.A. 


Sier-Bath 
ROTARY PUMPS 


For more data on advertised products, use Readers’ Service Cards, last page. 
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Solvay in 1953 as a salesman at the St. 
Louis branch, and in 1957 was assigned 
to the Charlotte, N. C., territory. 


CATO OIL AND GREASE CO. has named 
Lee R. Wood technical sales representa- 
tive for West Texas and Eastern New 
Mexico. He joined Cato, which is located 
in Oklahoma City, in 1931. 


CONTINENTAL-EMSCO CO. has promoted 
Rudd G. Seim to manager, California 
Division, Los Angeles. Seim was district 
manager serving Illinois, Indiana and 


Kentucky. H. T. “Bud” Haugh, formerly 


Seim Haugh 

in charge of sales, Chicago office, will 
replace Seim. Haugh will be 
in Evansville, Ind. 


stationed 


J. 1. CASE CO. has elected Henry J. Mau- 
bert a vice president. Maubert is director 
of procurement, materials, and traffic for 
the firm. He was previously with West- 
inghouse Electric Corp. 


FOOTE MINERAL CO. has elected L. G. 
Bliss board chairman. Bliss will continue 
as president of the company. 


MARSH INSTRUMENT CO. has named Don 
L. Warner assistant sales manager. War- 
ner has been with Marsh for the past 10 
years handling instruments, valves and 
related products. He was previously dis- 
trict manager of the Philadelphia office. 


DRESSER INDUSTRIES, INC., has elected 
Robert L. Boyd executive vice president 
and general manager of Guiberson Corp. 
Guiberson is a supplier of workover and 
production tools throughout the petro- 
leum industry. 


RALPH N. BRODIE CO. has appointed C. L. 
McBride Co., Louisville, Ky., meter sales 
representative for Louisville and the sur- 
rounding area. 


JAMESBURY CORP. has elected Julian S. 
Freeman vice president and general sales 
manager. Maxwell H. Reck, assistant sales 
manager for the past three 
been named sales manager. 


years, has 


HILL HUBBELL CO. has named Robert G. 
Meihls district sales manager of the mid- 
dle Atlantic United States. Formerly 
an industrial products field representative 
for Goodyear Tire & Rubber Co., Meihls 
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HEAT EXCHANGER TUBE for Applica- 
tions from Marine to Petrochemical, from 
Compressor Intercoolers to ‘‘Cat-Cracker"’ 
Exchangers, in these popular Alloys 
Phosphorized Admiralty * Admiralty « 
Arsenical Admiralty « Red Brass, 85% 
e Deoxidized Copper « Arsenical Copper « 
Cupro-Nickel, 10%-20%-30% « Aluminum 
Brass « Aluminum Bronze, 5% ¢ Muntz 
Metal e Duplex Tube 


trouble-free 


CHEMICAL CORPORATION « HOUSTON, TEXAS 






SE 














EEAT EX CHAN GEER TOBE 


As in so many other modern chemical and petro-chemical processing plants, these typical heat exchanger 
units at the Houston Plant of Petro-Tex Chemical Corporation are tubed with Scovill PHOSPHORIZED 
(Inhibited) ADMIRALTY Heat Exchanger Tube. This alloy has often been specified by operating engineers 
for assured trouble-free performance under conditions where dezincification has been a problem 

and because of its excellent resistance to the effects of sulphur compounds, acid or contaminated 

fresh or salt waters. The range of permissible conditions for using this alloy is quite wide. 

Similarly, Scovill’s eleven other popular heat exchanger tube alloys have been formulated to meet specific 
service needs. Scovill Technical Service with an exceptional background of experience in this special 

field can help you select the alloy best suited to assure trouble-free performance in your installation 


SCOVILL MANUFACTURING COMPANY 
Mill Products Division, 99 Mill Street, Waterbury, Connecticut. Phone Plaza 4-1171 





er? 


The oilman paints a “dream” house - wren the lady finally makes up her 


mind, she can be sure her choice is a good one. Solvents from petroleum will give her the paint job she wants, 


and keep her new home beautiful for years and years to come. Long-lasting finishes for home and industrial 
use represent another achievement of petroleum research — and another note of thanks the consumer owes 
to you, the oilman. If you hear someone criticizing oil, you've good reason to speak up in return. The 


thousands of products derived from petroleum are proof that you’ve helped to make it one of the world’s 


most versatile natural resources. 


SHELL OIL COMPANY 


For more data on advertised products, use Readers’ Service Cards, last page PETROLEUM Reriner-—l’ol. 40, No. 5 








pantie BONDSTRAND” 


will represent Hill Hubbell in New York 

City, Eastern Pennsylvania, New Jersey, | 

Delaware, Maryland, Virginia and Wash- | TH a 
ington, D. C. He will be based in New | 


iia _“PROBLEM-SOLVER” 
PEABODY ENGINEERING CORP. has elected x“ _ ie 


Ernest H. Peabody chairman of the | 
board and Eric G. Peterson president. | PIPE 
Peabody, founder, has been president of 





Peterson 


the corporation since its formation in 
1920. Peterson, who succeeds Peabody 
as president, has been with the company 
for more than 30 years. 


WRIGHT CHEMICAL CORP. has promoted 
John H. L. Harris, Los Angeles, to West 
Coast district manager. He has been the 
Wright field engineer in the Los Angeles 
area for over 10 years. 
Bondstrand is no ordinary 


ACF INDUSTRIES, INC.’s, W-K-M Division plastic pipe: Made of tension-wound 


has entered a licensing agreement for 


the manufacture of refinery fittings in glass filaments, impregnated with 
France. Under the agreement, Compagnie chemical-resistant resin—either epoxy 
des Compterus, Paris will manufacture or polyester —it is strong as steel . . . 


the fittings and return bends with W-K-M 
designs and technical and engineering 
assistance. 


yet only one-eighth the weight. 





AQUATROL, INC., Houston, manufacturers 
of corroson inhibitors and _ industrial 
water treatment chemicals, has promoted 
Howard M. Itz to manager of operations. 
Itz, a chemical engineer, formerly was 
with Celanese Corp. of America and 
Wyatt C. Hedrick Engineering Corp. He 
joined Aquatrol in 1958. 


THE PROBLEM THE LOCATION THE SOLUTION 


Carbon black slurry Synthetic Bondstrand installed 1959. 
destroyed schedule 40 Rubber No failure. Performance 
steel pipe in 30 days Plant still rated excellent 


Chlorine Dioxide water Paper Plant Bondstrand installed 


LINDE CO. has appointed Dr. Richard B. pir eget pyc tt 
Cuddeback, formerly technical represent- en en 


ative in New York for Linde molecular | 10% Ferric Chloride 
sieves, supervisor of market development | solution destroyed ordinary Treatment 1958. Performance 

for the product line. Dr. Cuddeback will | steel or stainless Plant still rated excellent 
headquarter in Tonawanda, N.Y., where 

molecular sieves are produced by Linde. Salt water well Petroleum Bondstrand installed 1958. 


injection at 1600 psi Production No failure. Performance 
CHASE BRASS & COPPER CO. has named | still rated excellent 


Henry L. Burghoff director of research 
and development. Dr. Burghoff joined 
the company in 1928 as a research 
metallurgist. 


Sewage Bondstrand installed 


Bondstrand’s total installed cost can be actually 
competitive with ordinary carbon steel pipe. Write for 
bulletin containing physical and design data. 
GOULDS PUMPS, INC., Seneca Falls, N.Y., 
has named S. A. Bunis sales manager. 
Bunis, who has been with Goulds Pumps Dept.QV, 4809 Firestone Bivd. 
for 23 years, has been assistant sales | South Gate, California 
manager for the past four years. 








MICROSEMICONDUCTOR comp. has elected 921 Pitner Ave. 360 Carnegie Ave. 111 Colgate 2404 Dennis St. 6530 Supply Row 
Steve Manning vice president of market- Evanston, Ill. Kenilworth, N.J. Buffalo, N.Y. Jacksonville, Fla. Houston, Tex. 
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in any steam trap... 


T’S WHAT'S INSIDE 
THAT COUNTS 


Inside 


SUPER-SILVERTOPS 


\m\ GUIDED BUCKET—Inverted bucket is guided 
\ \\\ on patented center tube. Results in perfect align- 
ment—no damage to internal parts. Guarantees 
positive leakproof seating of valve. 











NO RESTRICTED PASSAGES — Passages are 
short, liberal size, clean and smooth bore. Cannot 
clog with foreign matter. Assure full operating 
efficiency for trap life. 








ANDERLOY VALVE AND SEAT—Eliminates 
erosive effect of steam. Held in place with clamp 
and stainless steel screws. Easily removed. 








REVERSE FLOW—Bucket remains stationary 
and the valve open, even during heavy load 
periods. Stirs up sediment —keeps trap clean. 











QUALITY ENGINEERING—The above features of Super-Silvertop 
Steam Traps are indicative of the outstanding engineering principles 
employed in the manufacture of all Anderson Steam Specialty products. 


Write FOR FREE BULLETIN NO. 26 


SUPER SILVERTOPS fries 





« BY THE MANUFACTURERS OF Hi-eF PURIFIERS 
THE V. D. ANDERSON COMPANY 


Division of International Basic Economy Corporation 
1953 West 96th Street * Cleveland 2, Ohio 


For more data on advertised products, use Readers’ Service Cards, last page. 
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ing. Manning was with General Instru- 
ment Corp., Pacific Semiconductor, Inc., 
and Bogue Electric Co. before joining 
MicroSemiconductor. 


ATLAS POWDER CO. has named Dr. Wal- 
ter H. C. Gueggeberg director of research 
and development. William C. Griffin and 
Dr. George O. Rudkin, Jr., have been 
named associate directors of chemical 
product development. 


TRW COMPUTERS CO. has assigned Lloyd 
Skaggs Houston district sales manager. 
He will handle application and sales of 
control computer systems in the South- 
west. 


CORNING GLASS WORKS has named 
Charles J. Weyandt laboratory glassware 
sales representative for the Pittsburgh 
sales district. He will serve Western 
Maryland, Western Pennsylvania, and 
West Virginia. His headquarters are in 
Pittsburgh, Pa. 


WALWORTH CO. has elected S. L. Barber 

a vice president. He has also been named 

president, Southwest 

Fabricating & Weld- 

ing Co., Inc., Wal- 

worth’s pipe fabricat- 

ing subsidiary. Barber 

succeeds A. B. Judd 

as president of the 

subsidiary. Judd will 

become chairman of 

the board of direc- 

tors of Southwest. 

Barber was formerly 

Barber executive vice presi- 

dent, Taylor Forge 

& Pipe Works and is president, Uni- 

Flex Manufacturing & Engineering, Inc., 
Los Angeles. 


ROCKWELL MANUFACTURING CO. has 
named Thomas I. Stacy manager, Valve 
Actuator Products Department. He was 
previously assistant product manager, 
pipeline and gas utilities valve sales. 
Stacy, who joined Rockwell in 1938, will 
headquarter in Pittsburgh, Pa. 


ACHESON COLLOIDS CO. has appointed 
Roger H. Hendrick applications develop- 
ment engineer. Hendrick will work with 
Acheson in a product development and 
research capacity. He will also partici- 
pate in application testing for colloidal 
dispersions, 


HILL HUBBELL CO., factory applicators of 
pipe coatings and wrappings, has named 
Joseph R. Robinson Chicago district sales 
manager. Robinson was formerly with 
Koppers Co., Inc., and Panhandle East- 
ern Pipe Line Co. 


ROGER WILLIAMS TECHNICAL & ECONOMIC 
SERVICES, INC., has formed a new sub- 
sidiary, Roger Williams Technical & 
Economic Services, S.A., with offices at 
36,rue du XXXI Decembre, Geneva, 


Switzerland. 


AIR REDUCTION SALES CO. has appointed 
F. N. Zabriskie assistant manager, sales. 
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truly unfailing Now! More Dead Weeds 


L/QUID 


LEVEL and and Brush per Dollar 
FLOW CONTROL — ~ — 


a magnet... 


a sleeve... 


and a morcary switch 


~ 


“"UROX iii 


n Gives 
ntrol! 





one Applicatio 
Here’s the weed killer you gto 18 Month Co 
, can positively depend on to 

UTTERLY SIMPLE s wipe out weeds and brush faster, easier, at lower cost and for 

a longer time than you ever thought possible. Urox weed 

3 unfailing elements z killer effectively handles weed killing jobs along pipelines, 

rah on tank farms, around refineries and pumping stations, where 

safeguard critical | weeds and brush are a constant fire hazard. In all these 

liquid level or flow | places, just one application of Urox weed killer will remain 
effective for as long as 8 to 18 months! 


Longer lasting! Saves time and money! Urox weed killer has 
a cumulative eff2ct on weeds and brush. Its herbicidal action 
can thus be extended from one year to the next with light 
booster doses. As smaller amounts are used over a period of 
time, you realize substantial savings. 


A sleeve, raised and lowered 
within a nonmagnetic tube as 
liquid level or flow rates change, 
attracts or releases a 
permanent magnet attached to 
an That’s all ene on Easy to use! Liquid Urox weed killer is ideal for spraying 
large overgrown areas. It won't clog spray nozzles or strain- 
ers! Won't precipitate out in the tank! Stays in solution per- 
MA. AGNETROL fectly! Granular Urox weed killer is the convenient inexpen- 
sive way to treat small weed-infested areas. Can be applied 
easily with any mechanical or hand-operated spreader. 
New Urab* weed killer kills deep-rooted brush and weed 
trees! If you have problems with tough, deep-rooted weeds, 
These three simple elements—the heart of brush or weed trees, New Urab Weed Killer is just what 
poe gover orgs rere — glands, ou're looking for. Urab weed killer actually penetrates soil 
dependable as the pull of a magnet, eliminates to kill deep roots. Does what no other herbicide can! Sup- 
all wearing parts and maintenance; plied in liquid and granular forms. 
nothing to go wrong. *Trademark of Allied Chemical Corporation 


llied 
PTA) GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, WN. Y. 


critical level or flow of almost any liquid, at Get the 
virtually any temperature or pressure. They are whole story! 
so simple that a change in material is usually all Mail this 
that is needed to adapt standard units to any spe- coupon! 
cific application. “Special” Magnetrols are rare. 


Magnetrols operate indefinitely to protect the A 





Weed Killer Dept. 


Magnetrols are available for controlling liquid 
level changes from 4%” to 150’ and more with roomy a_i 


single or multi-stage switching; flow switches 40 Rector Street, New York 6. N. Y 
to signal start, stop or insufficient flow within E eager 


fractions of gpm rates [] Please send me more information about General Chemical’s 


amazing new herbicides, Urox and Urab. 
Fill in coupon and attach to your letterhead for full information. oO Please have representative phone for appointment. 


Name 
Title 
Company 
Address 
City State 





MAGNETROL, Inc., 5312 Belmont Road, Downers Grove, Ill. 16 


Please send me catalog data and full information on Magnetrol 








& Liquid Level Controls C] Flow Controls 
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Zabriskie will handle sales of industrial 
gases and equipment in Airco’s midwest- 
ern region, which includes Chicago, St. 
® Louis, Milwaukee, Minneapolis, Kansas 


City, Davenport and Detroit. 
COMPUDYNE CoRP., Hatboro, Pa., has ap- 


pointed Murray Kraus product manager. 
He comes to CompuDyne from Ascop 
Division, Electro-Mechanical Research 
Corp., where he was head of telemeter- 
ing and control. 


DASHEW BUSINESS MACHINES, INC., has 
named Allen T. Beall vice president of 
finance. Beall was assistant controller at 
Richfield Oil Corp. Prior to joining 
Richfield, he managed his own consult- 
ing firm of Mason, Beall & Horton, 
Cleveland, Ohio. 


BROWN INSTRUMENTS DIVISION, Minne- 

apolis-Honeywell Regulator Co., has ap- 

pointed J. T. Pitts 

sales manager. He 

succeeds J. A. Robin- 

son, who joins the 

company’s _ six-divi- 

sion industrial prod- 

ucts group to coordi- 

nate expanding activ- 

ities in the metals 

producing areas. Pitts 

has been southwest 

regional manager 

with headquarters in 

Pitts Dallas. Joining Hon- 

eywell in 1945, he has held sales posts 

in Charlotte and Durham, N. C., before 

going to Houston, where he was branch 
manager from 1952 to 1958. 





BENDIX CORP. has elected Dr. Leland I. 
Doan, a director. Dr. Doan is president 
of The Dow Chemical Co. He has been 
with Dow since 1917 working in research 
and engineering. 


TENNESSEE COAL & IRON DIVISION, United 
States Steel Corp., has appointed Edwin 


Jicsutarion on towers, tanks and exchangers must be kept 
DRY. If moisture gets through, the efficiency drops. | H. Howell, Jr., superintendent of the 
Modern refinery and plant design places many major insu- | Texas warehouse. Howell succeeds M. I. 


ces pis ‘ Dickey, who has retired. 
lated vessels “in the open.” You can maintain the efficiency : 


of your insulation with easy-to-apply Laykold Weathercoat. CAMBRIDGE WIRE CLOTH CO., Cambridge, 
Weathercoat is a fibrated asphalt-base material of easy ee ee 
troweling consistcucy that dries to a black, remarkably tough 


and tenacious coating. A majority of the leading refineries REFRACTORY HAYDITE 


are regular users of Weathercoat. Makes Higher 
A new product: Mastic Weathercoat, a bodied material, for Heat Resistant Concrete 


use wherever economy demands the application of a single, Haydite aggregate used with Lumnite cement 
° ! produces refractory concrete suitable for sus- 
thick layer. tained temperatures up to 1800-2000° F., 
— ate it — for io a ong eo 
~ . . ucts, flues, stac and catalytic crackers. 
Write today for our free illustrated brochure, entitled Weighing from 30 to 40 per cent less than 
«“ . . ” ordinary aggregate concrete, Haydite is ex- 
Laykold Weathercoat for Insulation Protection. ceedingly strong. It has excellent insulating 
properties and withstands pressures of up to 
1130 pounds per square inch. Write today for 
free folder and complete inf ti t 
Carter-Waters Refractory Haydite. 


American Bitumuls & Asphalt Company We sel direct fe vou. 


320 MARKET, SAN FRANCISCO 20, CALIF. Atlanta 8, Ga. Portland 8, Ore. CONSTRUCTION Pg Nal sd Seadh edd 
Perth Amboy, N. J. Mobile, Ala. Oakland 1, Calif. ee ——a 
Baltimore 3, Md. St. Louis 17, Mo. Inglewood, Calif. CARTER WATERS 
Cincinnati 38, Ohio Tucson, Ariz. San Juan 23,P.R. KANSAS CITY co” B MISSOURI 
BITUMULS ® Emulsified Asphalts * CHEVRON® Paving Asphalts * LAYKOLD® Asphalt Specialties * PETROLASTIC® Industrial Asphalts 2440 Pennway Y Phone GRand 1-2570 
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A CLEAN FRESH DRINK 
...from salty water 





nstration plant which 
| possible. 
> This is another example of , eA 
.-* CATALYTIC’S versatility as engi- PHILADELPHIA 2, PENNSYLVA 


In Canada: Catalytic Construction of Canada, Limited; Sarnia, Ontario 
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at 7009 Long Drive, Houston. Edward 
F. Pink has been named warehouse man- 
ager. The Houston sales office will also 
be at the warehouse. 


AMOCO CHEMICALS CORP. has appointed 
Dr. Frank A. Cassis director, sales tech- 
nical service planning. Robert G. Weisz 
has been named supervisor, sales, tech- 
nical service laboratory. Both men will 
headquarter at 3201 South Michigan 
Ave., Chicago. 


PEABODY ENGINEERING CORP., New York 
and Stamford, Conn., has named John 
Dunn manager of Marketing and Tech- 
nical Services Division. Dunn will admin- 
ister the engineering service and sales de- 
partments, and research development. 


VITRO CORP. OF AMERICA has elected 
Dr. Donald M. Allison, Jr., president of 
Vitro Electronics. He formerly was a 
senior executive of Bendix Corp. in its 
Washington, D. C., office. 


YUBA CONSOLIDATED INDUSTRIES, INC., 
has elected J. Philip Murphy president. 
Murphy was also elected to the Yuba 
board of directors along with William 
K. Bowes, Jr., vice president, Blyth & 
Co., investment bankers. 


JARRELL-ASH CO, has expanded its labo- 
ratory services to industry and research 
in spectrochemical analysis. Services have 
been extended in gas chromatography, 
X-ray diffraction, dissolved oxygen and 
fluorometry. 


JOY MANUFACTURING CO. has named 
Kenneth M. Grover field sales specialist 
for turbodynamic products in Oregon, 





J 
fa 


ae Ae 


Superior craftsmanship in fabricating the right steel for the job, 
to the rigid specifications set by the customer. 


FLINT FABRICATES 
e FRACTIONATING COLUMNS 
e PRESSURE VESSELS 


Manufacturing facilities to bandle the 
largest process vessels on a production basis. 


e@ HEAT EXCHANGERS 
e@ BUBBLE TOWERS 


FLINT STEEL CORPORATION 
TULSA ... TWX, TU-1914 .. . MEMPHIS 
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Steelmanship. 
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Washington and California. These prod- 
ucts include centrifugal and axial com- 
pressors and expander turbines. Grover 
will be stationed at Joy’s district office, 
Los Angeles. 


PENNSALT CHEMICALS CORP. has trans- 
ferred its sales technical service groups 
to expanded laboratory facilities at 900 
First Ave., King of Prussia, Pa. These 
groups were previously at Pennsalt’s 
Whitemarsh Research Laboratories, 
Wyndmoor and Devon, Pa. 


ZIPPERTUBING CO., Los Angeles, has 
named Charles Pearson sales engineer for 
the Non-Electrical Division. Pearson will 
be in charge of sales to oil companies and 
chemical industries. 


CRUCIBLE STEEL CO. has appointed Josef 
H. Buerger, Jr., director of sales. He will 
handle all sales activities and will direct 
field sales through five regional managers 
and 38 sales offices and warehouses. 


DANIEL ORIFICE FITTING CO., Houston, has 
appointed American Premaberg Co., 
Inc., and its subsidiary companies exclu- 
sive sales representatives for England, 
France, the Netherlands, Germany, Aus- 
tria, Italy, Spain and Algeria. 


WORTHINGTON CORP.’s Marketing Divi- 
sion has named Joseph E. Siebold, North 
Bergen, N. J., manager, Administration, 
Resale Sales Department. Siebold, for- 
merly eastern region resale sales manager, 
will head the department’s warehousing 
operations and other administrative mat- 
ters. 


PANELLIT DIVISION, Information Systems, 
Inc., has named Archer Wombacher gen- 
eral sales manager, Skokie, Ill. Wom- 
bacher will direct all sales activities in- 
volved with the Panellit equipment and 
service operations. 


BETHLEHEM STEEL CO. has appointed 
Richard S. Hostetter manager of indus- 
trial fastener sales. Hostetter, who has 
been assistant manager of sales, succeeds 
Jay C. Miller, manager of sales for in- 
dustrial fasteners since 1932. 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
has appointed John M. Scandalios man- 
ager, Detroit branch office, Electronic 
Data Processing Division. Scandalios, a 
former account representative in the De- 
troit office, succeeds Donald F. Brosnan, 
who has been named manager of the di- 
vision’s Washington branch. 


DAYSTROM, INC.’s, Weston Instruments 
Division has appointed Edward M. Duda 
district manager of the Cleveland office. 
Duda had been a sales engineer in the 
Detroit office of Weston since September 
1957. Prior to that he was sales engineer 
for T. S. Cawthorne Co., Detroit. 


CORNING GLASS WORKS has transferred 
R. K. Bullard, Jr., laboratory glassware 
sales representative, from Cleveland, 
Ohio, to Philadelphia. Bullard covers an 
area consisting of Southern New Jersey, 
Eastern Pennsylvania and all of Dela- 
ware. 
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IT TAKES 
A 

TOUGH 
VALVE 
FOR 
TANKER 
CLEANING 


ORBIT VALVES HANDLE 
SEA WATER... 
SLUDGE... 
STRONG DETERGENT 


Only a tough valve — like the ORBIT VALVE — can 
stand up under the strenuous operating conditions 
of the pumping system for a tank cleaning plant 
at a large shipyard in Hoboken, New Jersey. 


When a tanker is in for cleaning, ORBIT VALVES 
go into action, handling sea water mixed with strong 
detergent and heated to 200° Fahr. Surge on hose 
is eliminated through use of ORBIT VALVES — 
they’re non-lubricated for simplified, low-cost 
maintenance. 


Orbit Valves are widely used 


ULUnemical- ORBIT. 
Petrochemical and Petroleum VALYES 


industries 


+r 


en hoa 
Lili yugNout tne 


ORBIT VALVE COMPANY 


P.O. BOX 699 / TULSA, OKLAHOMA 


PHONE LUther 4-4761 


TWX TU 925 
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CRANE CAPACITY 6,000 LBS 
DECK CAPACITY 8.000 LBS 


Ibs. of Lift 


ibs.of Deck Capacity 


IT REACHES 
ao Op... 
20’ out 





DROTT 
GO-DEVIL 


iT LIFTS 
6000 Ibs. 
with safety 





IT SWINGS 
360° continu- 
ous rotation 


This new Drott Go-Devil has the kind of versatility 
that challenges the imagination of the most 

cost conscious materials handling man... and 

its applications are limited only by the limits of 
your imagination... you name it...it does it. 


For more data or advertised products, use Readers’ Service Cards, last page. 





IT TRAVELS 
up to 
19 MPH 





IT HAULS 
on 50 sq. ft. 
of deck area 


DROTT 


MANUFACTURING CORP. 


Milwaukee, Wisconsin 





PUT YOUR IMAGINATION TO WORK ON THESE VERSATILE SPECIFICATIONS 


iT CROWDS 
extends in 15 

seconds, retracts 
in 11 seconds 
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CLASSIFIED ADVERTISING ¢ CLASSIFIED ADVERTISING e recone PROCESS DESIGN ENGINEER 


MChE or equivalent with minimum 5 


rears ience i lesig f: Oil Re- 
hsincei / Ctroleum XPISING e| | neries ana ‘Petrochemical Plants, 


Send resumes or apply in person. 
oom REE IN ER osm | Sure 


Los Angeles, California 
TISING ¢ CLASSIFIED ADVERTISING e CLASSIFIED ADVERTISING ¢ 











ENGINEERS-CHEMISTS in refining, petro- 
chemical and chemical fields. Send brief 

one-page typewritten condensed resume, 
RATES: Regular Classified (undisplayed) set inch. Ten percent discount for two or more in- plus cover letter stating desires and objec- 
in this type: 20 cents per word. Minimum sertions of same copy in consecutive issues. All tive. Absolutely no fee charge to applicants 
charge, $4. Blind box address in our care Classified ads payable in advance. Copy dead- nd — a service. a 
counts six words. Replies forwarded without line: 25th of month preceding date of issue. the’ Matin i ee ee 
charge. Display Classified ads, set in suitably Send copy and checks to: Classified Adver- w.T Eldtidge. Bonded Perscnual Gen 
larger type with ruled border $13.50 per column tising, Petroleum Refiner, P. O. Box 2608. sultant, P.O. Box 6006 New Orleans 14, La. 








HELP WANTED INSPECTION ENGINEER—M.E. degree. 
Fourteen years experience, with ten years 
as supervisor, all phases petroleum refin- 
ery and chemical plant equipment inspec- 


tion, corrosion control, inspection group or- 
ganization. Desire responsible position in 
similar work. Write Box 352-R, PETRO- 
LEUM REFINER, Houston, Texas. 


PROCESS EVALUATION AND DESIGN ENGINEERS Compueemen Srequeine 


Refinery Economics 


Our Refinery Technology Division needs 
The Engineering and Development Department of The Chem- — eS 


. : é ° P ° 1. Conduct studies of Refinery Eco- 
strand Corporation—a leader in the dynamic chemical textile fiber memics, using modern computing 
industry—is seeking engineers for these attractive assignments: and mathematical methods, and 


M - ™ , . - Develop Computer Programs (IBM 
EVALUATION ENGINEERS—Conduct engineering eco- 1620, 7090) in support of Refining 
nomic evaluations to determine commercial feasibility or een” ponies ot ed’ Goe 


; Statistical Analysis of Fuel Per- 
profitability of existing or proposed manufacturing processes; formance Data. 


—_ > - . . . ; . These professional! positions in a tech- 
evaluate alternate process routes. Bachelors or higher degree eb me Bm ge mn ge A 
in chemical, mechanical or textile engineering from an ac- quire a high level of individual respon- 


‘ 4 > ‘ . . sibility. Projects vary widely and con- 
credited institution and up to three years in research, engi- tribute directly to sales effort. 





neering and development, or manufacturing in the chemical, Located in a suburb of Detroit, the di- 


° ° ° ° » ° vision supports Feld-Technical Person- 
textile, or chemical textile industries required. nel covering U.S., Canada, Mexico and 


Export. 
DESIGN ENGINEERS—Design chemical processes and proc- ag 


‘ Send resume to: 

ess facilities. Bachelors or higher degree in chemical engineer- Personnel Menager 

ing from an accredited institution and up to three years of 1600 West Eight Mile oad, 
: ° ° : . : : Ferndale 20, Michigan 

process design experience in the chemical process industry 


required. 








Southeastern location with attractive living and recreational fa- CHEMICAL ENGINEERS 
one. ° oe ; » 1-6 years experience in process engineer- 
cilities and excellent working conditions. Submit resume of edu- ing, operations or technical service within 
petroleum refining or petro-chemical fields. 
cation, experience, and salary in confidence to: Manager, Employ- Excellent opportunity for man who de- 

sires ibilit iv 

ment-Recruitment, Box ED-24, The Chemstrand Corporation, py bp nee Ay bp ccreceaae 
Decatur Alabama a. resume and salary requirements to: 


tHe CHEMSTRAND CORPORATION 


The Vickers Refining Company 
DBECAT WU R A B A M A 


Potwin, Kansas 








WANTED! 
SURPLUS PIPE & TUBING 


All Sizes and Specifications 
CARBON STEEL, CHROME-MOLY, STAINLESS 


Inventory Engineering Service, Inc. 
5781 WN. Lincoln Ave. 


ECONOMIC ANALYST Jas 


, : , FURNACE REQUIRED 
For modern oil refinery located near St. Paul, Minnesota. Work will We are seeking 2 Born Horizontal or 


. ° ° equivalent, 2 illio t 5 illion, +] 
include preparation of financial reports, forecasts and budgets and the Sea Sis an kin ae 


performance of economic analyses and special studies. pa ae ae Bg Be Bh gen 

. ° ° ° ° ° dition, price and location. 

A Bachelor of Science degree in chemistry or engineering with M.B.A. C: Parsley, Mer., 5830 Carthage Ave- 
: F : 4 : 3 . nue, Cincinnati 12, Ohio or Phone ME-1- 

degree from an accredited business school. Two or more years experience 6179. 


. . . . . Y 1 t rertical unit, 
in petroleum refinery economics or technical service desirable. ti ne 


GREAT NORTHERN OIL COMPANY erin Cas: 


P. O. Box 3596 — ST. PAUL 1, MINNESOTA pee» a 
ATTN: C. L. Dretzke JOHN J. BECKER CO, 


BRADFORD, PA. 

















Furnish complete resume of experience and education, including salary 
requirements. Write or apply in person: 
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Can solve many of your application problems... 


@ Available in any castable alloy such as 
stainless, Hastelloy or steel @ Supplied with 
diaphragm or piston type actuator @ Metal 
seat ring is reversible @ Available in wide range 
of inner valve styles or orifice sizes @ ‘‘Z’’ body 


TEFLON SEAT RING can be turned 90 degrees to reduce piping costs 


Seat ring can also be sup- 
plied with Teflon insert to 


provide tight shut-off. This @ Body halves sealed with Teflon gaskets @ 


design permits using any 
style inner valve desired. 


Flanges integral or separable @ Separable 
flanges permit interchanging flange ratings on 
a given body @ Sizes: 14” to 6”. Fisher Governor 
Company, Marshalltown, Iowa. Plants in Woodstock, 
Ont., Rochester, England. Butterfly Valve Division: 


Continental Equipment Co., Coraopolis, Pa. 


If it flows through pipe anywhere in the world 
..-chances are it’s controlled by....... 


SINCE 1880 
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New Equipment & Literature... 





as selected by Frank L. Evans, Jr., Maintenance & Design Editor 


Improved Molecular Sieve 
Has Higher Crush Strength 


A new Type 13X molecular sieve 
with vastly improved strength and 
ruggedness remains unchanged in ad- 
sorption characteristics from the 
former 13X sieve which it replaces. 
The strengthened product is being 
sold in the form of ¥% and 14¢-inch 
pellets. 

The improved pellets have a crush 
strength over three times that of the 
previous Type 13X pellets, provide 
almost six times the resistance to at- 
trition losses, and possess a slightly 
higher bulk density. These qualities 
enable molecular sieve adsorption sys- 
tems to be designed for more stringent 
operating conditions and high flow 
rates. Type 13X is used for hydrocar- 
bon sweetening, gas drying, gas puri- 
fication, and other applications where 
high capacity and efficiency are requi- 
sites. 


Typical properties of the new high- 


strength sieves are compared with 
those of former 13X sieves in the fol- 
lowing table: 


Former 
13X Pellets 


Crush Strength, 
Ib. 4.3 


Atrition, 
% Loss 0.6 0.1 
Density, lb/ft’ 39.0 
CO, Capacity, 
% 17.0 


Improved 
13X Pellets 


13.2 


17.0 


This improved product is priced on 
a quantity discount schedule from 
$1.95 to $1.75 per pound, f.o.b. Tona- 
wanda, N. Y. Other details are avail- 
able. Linde Co., Div. Union Carbide 
Corp. 


Circle E1 green card, last page 


Programer Shortens 
Chromatography Sample Time 


A new temperature programer 
shortens sample analysis time in gas 
chromatography, and can be used in 
conjunction with virtually any gas 
chromatograph. The ThermotraC per- 
mits analysis of samples containing 
components with a wide range of boil- 
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ing points without reducing the reso- 
lution of the low boilers which appear 
in the early stages of the analysis. 

In using the instrument, the op- 
erator traces the desired temperature 
program with a strip of black tape or 
with India ink on a Mylar sheet. The 
program sheet is then placed on a 
rotating drum. The slope of the black 
line on the Mylar sheet determines 
the rate of rise over the desired span, 
the zero potentiometer determines the 
starting temperature, and the span 
potentiometer determines the heat 
rise during the program. 

An infinite variety of linear, non- 
linear, and step function programs 
can be made quickly and economi- 
cally with the ThermotraC. The pro- 
grams can be altered easily between 


successive runs simply by readjusting 
the black tape, the zero potentiometer, 
or the span potentiometer. Beckman 
Scientific and Process Instrument Div. 


Circle E2 green card, last page 


Fluctuation Adapter Checks 
Pressure in TCC Lift Pipe 


A fluctuation adapter has been de- 
veloped which will continuously com- 
pute the magnitude of fluctuation 
of any process variable. Called the 
A41A/1, the adapter was originally 


produced for use in the TCC process 
of Socony-Mobil. 

The adapter continuously “reads” 
a fluctuating 0.000 to 0.500 volt AC 
input from any Autronic primary 
transmitter, computes the magnitude 
of fluctuation, and transmits a signal 
proportional to the magnitude to any 
Autronic controller. 

In the airlift TCC process, the 
adapter and its associated controls 
maintain a constant pressure fluctua- 
tion in the lift pipe to insure optimum 
lift-air flow volume. 

Working with appropriate controls, 
the A41A/1 will maintain a constant 
magnitude of fluctuation, regardless 
of quantitative variations in the level 
of the monitored variable. It is there- 


375 





New Equipment eae er nations have been redesigned to offer 
~ - great flexibility. Any of the following 

a ee single-speed starters, sizes 0-4, and any 

fore suitable for any situation where the i. of the following circuit breakers, will fit 

magnitude of fluctuation is more impor- J Model M60 EPC’s: 

tant than the actual value of the highs j Starters: 

and lows reached by the variable, or 4 Ce Gee Allen-Bradley (except size 4) 

where the specific range is regulated by - ‘an 

other controllable variables or design 

of the process itself. Swartwout Div., 

Crane Co. 





Arrow-Hart and Hegeman 
Cutler-Hammer 
General Electric 
Square D 
Circle E3 green card, last page e- Westinghouse 
Breakers: 
Starters and Combinations "at General Electric 


Redesigned for Flexibility ala te 


Model M60 EPC starters and combi- Westinghouse 





The new starters and combinations are 
available in 7, 9, 11 and 13-inch sizes, 
to take sizes 0-5 starters and combina- 
’ . tions. Built-in features available include: 
Engineering Survey one or two pilot lights, pushbutton sta- 
tions, selector switches, and covers with 
plugged openings for breather and drain. 
Economic Evaluation = Complete information is available. 

Crouse-Hinds Co. 


Circle E4 green card, last page 


Process Studies 


Process & Mechanical Design 


Purchasing & Procurement 


n Supervision Bulletin Discusses 


Constructio Indirect-Fired Heaters 


sist 
Plant Start-up As Indirect-fired fintube heaters are the 
Pilot Plant Design ¢ subject of a new 8-page bulletin. A 
E description of the unit shows how the 
Research Planning fintube maintains low metal-wall tem- 
canst peratures in the heater so that no re- 
Plant Appraise 4 , fractories are required. Elimination of 
refractories permits fast heat-up, quick, 
sensitive response to load changes, and 


CONST RUCT ION more economical construction. 


ance: 





; General specifications and capacities 

MANAGEMENT are aosmenil which include ability to 
SERVICES obtain temperatures up to 1,200° F, 
capacities up to 5 million Btu per hour 
and pressures up to 300 psig. Other 
data in the catalog includes a descrip- 
tion of auxiliary equipment including 
R | ° . ; burners, flame safety equipment, and 
e y on Nofsinger controls. Packaged heaters which are 

f furnished with completely assembled 
or burner equipment and prewired control 


ee panels ready for installation are also 
Mm LETE catalogued. A complete listing of com- 
pany sales representatives, factories and 


ENGINEERING SERVICE licensees abroad complete the booklet. 


Brown Fintube Co. 
Circle E5 green card, last page 





In addition to the services we have of- 
fered in the past, you will note that we Programer for Multiple 
have now added both Construction and Component Blending 
Management Services. Your inquiry is A new “digital comparator” provides 
invited. high accuracy control of flow rate, pres- 


sure or any other function that can 


“In Enai : sa produce a proportional pulse rate or 
n Engineering, it's the PEOPLE that count” frequency. It is used to provide formula 


THE ¢ ye NOFSINGER control in continuous flow, multiple com- 
: ” ° co. ponent blending systems or to provide 
Engineers and Contractors for the Petroleum and Chemical Industries continuous program control for the proc- 
307 East 63rd Street 7 r . | ess industries. 
, Kansas City 13, Missouri The comparator is a form of beat 
Representatives: frequency generator that delivers a series 
py nite GULF COAST of beat pulses to effect a corrective 
divs: Russell G. Dressler action that is proportional to the error. 


617 $. Olj , : ; eer 
ed feadarten fei 204 Carolwood Drive Response is rapid with inherent pre- 
’ : San Antonio, Texas vention of the overcorrection that is 
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igh assay, 
idle usage and 
andsome economy 


that's foo p 
97%BaO! 





mele Samples e lale| specifications, 


+ + 


contact: our nearest office. 


Putting !ldeas to Work 


Ml FOOD MACHINERY AND CHEMICAL CORPORATION 
Mineral Products Division 


AND CHEMICAL Genera! Sales Offices: 
eceletontale Dieta 161 E. 42nd STREET, NEW YORK 17 
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New Equipment ... 





common to many analog systems. 

In the typical application illustrated 
by the photograph the comparator is 
used for multiple component on-line 
blending. A formula card is prepared 
for each end product and the card is 
inserted in a reader. The reader estab- 
lishes a reference frequency for each 
component by stepping down through a 
series of flip-flips from a _ crystal-con- 
trolled master oscillator. This reference 
frequency for a given component in the 
blend is matched against the “flow rate 
frequency” that is produced by a flow 


meter with built-in impulse generator 
in the component line. 
If the meter frequency does not match 


Specialized EFCO Experience 


Solves Specific HEAT TRANSFER PROBLEMS... 


Years of experience in engineering and fabricating of heat 
exchangers for the wide range of temperatures/pressures encoun- 
tered in refining-petrochemical-natural gasoline plant processes 
enables EFCO to offer service-proved engineering design and guar- 
anteed job rating. Mobil Chemical Company is one of many process 
equipment users who are benefiting from EFCO’s specialized expe- 
rience and engineering efficiency. 

This Mobil Chemical Company installation of EFCO exchangers, 
in the world’s largest ethylene unit at Mobil’s Beaumont, Texas 
plant, is typical of the many high-pressure, high-temperature 
exchangers designed and fabricated by EFCO 


EFCO'S FOUR POINT PROGRAM PROVIDES: 


© service-proved engineering design © guaranteed job-ratings © complete fabricating facilities 
© technical service before, during and after installation 


ASK OUR GULF COAST CUSTOMERS—THEY KNOW US WEILL 
Write for General Catalog 
ENGINEERS AND FABRICATORS, INC. 
P, O. BOX 7395 ° HOUSTON 8, TEXAS 





For more data on advertised products, use Readers’ Service Cards, last page. 





PETROLEUM REFINER 


the reference frequency, the beat pulses 
produced by the comparator step a valve 
actuator to increase or decrease the flow 
rate until it matches the rate called for 
on the card. The control circuitry may 
include rate action to increase the length 
of a corrective pulse in proportion to 
the rate at which the error is increasing. 
Jordan Controls, Inc. 


Circle E6 green card, last page 


Horton-Type Crystallizer 
Is Self-Supporting 


The new Horton-type crystallizer can 
be constructed integrally with a self-sup- 
porting structure. A maximum cross sec- 
tional area at its boiling surface improves 
the crystallization process by providing a 
large vapor release area and reducing 
the amount of entrainment in vapors 
boiled off the liquor. 

The conispherical design is econom- 
ical, providing a structure requiring a 
minimum wall thickness to withstand ex- 
ternal and internal pressures. The de- 
sign also permits a minimum of radiating 
surface for the volume incorporated. 

The configuration lends itself to 


smoothness in design. Irregularities of 
conventional designs are eliminated, par- 
ticularly where conical sections must be 
welded to cylindrical sections. Butt weld- 
ing of plates provides a smooth surface. 
A maximum retention volume can be 
incorporated into the design at a mini- 
mum capital expense, according to the 
company’s chemical process equipment 
engineers. Chicago Bridge & Iron Co. 


Circle E7 green card, last page 


Mechanical Seal Is 
4 . . 
Springless in Operation 

A new type mechanical seal (Type 
500F) achieves positive sealing under all 
and varying load conditions. 

The Counterpoise Seal is springless in 
operation. It provides the most positive 
and durable sealing yet achieved by using 
balanced hydraulic pressure to replace 
operational springs. Fluid pressure alone 
closes the sealing faces during operation. 

Springs are used merely to hold the 
faces in sealing contact when fluid pres- 
sure is below the design minimum. As 
operating pressures are reached, hy- 
draulic force counteracts the springs re- 
sulting in perfectly symmetrical and uni- 
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on 
= 


EXPLOSION-PROOF, 

DUST TIGHT, WEATHER-RESISTANT 
MOTOR STARTER and 

CIRCUIT BREAKER 


PYLETS 


The Pyle-National Company announces their new 
series ECS threaded enclosure PY LETS, Model 60, 
for motor starters, circuit breakers and combina- 
tions. Designed for indoor and outdoor use in the 
most severe industrial environments. Class I, 
Groups C and D; Class II, Groups E, F,and G; and 
Class III (NEMA Types 3, 5, 7CD and 9EFG). 





design features... 


INSIDE THREADED 
TOP DOME 
OUTSIDE THREADED 
BOTTOM DOME 
For True Weather 
Protection 


ALL ALUMINUM 
CASTINGS— 
STAINLESS STEEL 

EXTERIOR 

HARDWARE 

For Realistic RUGGED 
Corrosion OPERATING 
Resistance MECHANISMS 

For Longer Life 


THE PYLE-NATIONAL COMPANY 


1393 North Kostner Avenue Chicago 51, Illinois 


BRANCH OFFICES AND REPRESENTATIVES in the Principal Cities of the United States 
MANUFACTURED IN CANADA by Pyle-National (Canada) Ltd., Toronto 15 

RAILROAD EXPORT DEPARTMENT: International Railway Supply Co., 30 Church Street, New York 7 
INTER AMERICA EXPORT DEPT.: Lionel-Essex Inter America, Inc., 15 East 26th Street, New York 10 


CONDUIT FITTINGS # CIRCUIT CONTROLS = LIGHTING FIXTURES = FLOODLIGHTS 
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LITTLE TAG .. . BIG MEANING! 


Not a mere name plate, this little metal tag on a piece of equipment is 


unreserved assurance of quality 


workmanship and dependability of service 


- priceless characteristics not solely measured in dollars and cents. 


MAC-IRON 
CATALOG A-9 


Although you'll find our 
full line Catalog A-9 in the 
current REFINERY CATALOG 
wouldn‘t you like more copies 
for distribution among your im- 








SANDUSKY 


MANUFACTURED BY 
THE 


fy) MACK 


WORKS COMPANY 
OHIO 


IRON @ 


portant engineering personnel? 
Your request will bring 
all the copies you need. 
WRITE TODAY 


U.S.A 








SPECIALISTS TO PETRO-CHEM-REFINING 


THE MACK IRON 
WORKS COMPANY 


121 Warren Street 
SANDUSKY, 
OHIO 


Phone 
MAin 6-3712 


AND CHEM-PROCESS INDUSTRIES SINCE 1901 


Stock and custom made items for many engineered applications which 
involve pumping of fluid materials and operational liquids. 


BLINDS © SPACER RINGS 


STRAINERS © 


SPECTACLE FLANGES 





pneumatic 
atomizing 


SPRAY 
NOZZLES 


Spraying Systems offers a complete selection 
of automatic pneumatic atomizing nozzles for 
use where controlled intermittent spraying is 
required. In-built shut-off valve is air operated. 
Precision built for exact control of spray 
type and volume. Compact and easily 
installed. Write for Catalog 24. 


SPRAYING SYSTEMS CO. 3283 Randolph St. © Bellwood, Ill. 


FOR EASIER SPRAY NOZZLE 
INSTALLATION in any type of 
system .. . see Catalog 24 for 
Spraying Systems Adjustable 
Joints ... and Bulletin 93 for 
the NEW Spraying Systems 
Split-Eyelet Connectors. 


For more data on advertised products, use Readers’ Service Cards, last page. 
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RIGGIO 


Thermostatic Steam Traps 


For Maximum Efficiency Choose From This Line of 
Riggio Thermostatic Steam Traps 


For pressures from 

Vacuum to 250 Ibs. 

Semi-steel Construc- 

tion 

Ya", Ya", 1", Ve", 
a sa 


Simple 1%4", 2 


For pressures from 

Vacuum to 200 Ibs. 

Bronze Construction 
VY," ¥,"", ned 


Rugged 


Versatile 


TYPE C-250 


TYPE A-200 
Freeze-Proof 


Freeze-Proof 


For additional 


information contact TYPE B-250 


TYPE Y-200 


FRANK D. RIGGIO CO., INC. 


State Highway 17, Rutherford, New Jersey 
Phone Webster 9-8450 
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New Equipment... 





CountenPome Sea Tree SOOF & 
[ 
“es 


form face closure. This uniformity is 
possible because the faces are closed hy- 
draulically rather than by mechanical 
means. 

This is the first mechanical seal to 
eliminate the excessive and uneven per- 
ipheral spring forces which are charac- 
teristic of all conventional seals. 

This is the first seal to provide a deep 


carbon face that wears evenly, and with- | 


out any effect on its balance. The life 
of the seal is thus greatly extended. De- 
tails are available. A. W. Chesterton Co. 


Circle E8 green card, last page | 


Pressure Regulator 
Features Packless Valve 


A new line of American pressure reg- 
ulators, in both direct and reverse acting 
types, are rugged and simple in design. 
They feature a friction-free packless 

valve that permits 
immediate response 
to the slightest pres- 
sure change. The reg- 
ulators are for use 
with steam, air, 
water, and gases that 
are non-corrosive to 
bronze, iron or neo- 
prene. They are built 
to provide, and main- 
tain, accurately con- 
trolled pressures over 
a broad range of in- 
dustrial processes with the widest vari- 
eties of equipment. 


Regulator valves are available in single- 
seated, and double-seated, designs and 
are furnished in all sizes from 2 through 
2 inches. All double-seated and 1 
through 2-inch, single-seated valves can 
be reversed in the field. Repeat settings 
are easily made and held. 

The valve body is bronze heavy sec- 
tion type—tough and durable enough 
for the rated pressures to 250 psig. Dia- 
phragms are heavy gauge, flexible neo- 
prene and impregnated nylon. Upper 
diaphragm housing assembly is stainless 
steel “lipped over” to protect the outer 
edge of the diaphragm. Manning, Max- 
well & Moore, Inc. 


Circle E9 green card, last page 
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Foamed Chemical Cleaners 
Subject of New Booklet 
“FOAM!,” a four-page pamphlet, dis- 
cusses a new technique of cleaning in- 
dustrial equipment, utilizing lightweight 
foamed solvent for greater efficiency and 
economy. Dow Industrial Service. 


Circle E10 green card, last page 


Quick-Opening Closures 
improved, Says Brochure 


Recent changes to improve product 
features and provide greater design uni- 
formity in quick-opening hinged closures 
for blanking off pipeline ends and tank 
or vessel openings are described in a 
new brochure. 


Illustrations include typical vacuum, 
low and high-pressure installations and 
show one-weld installation, easy mainte- 
nance, one-man operation and _ built-in 
safety features. 

The closures, which can be provided 
with ASME stamp, are produced in sizes 
from 2 through 42 inches for ASA 150, 
300 and 600-pound service, with larger 
sizes and other pressure classes available 
on special order. Counterbalanced, 
spring-loaded types are offered for ver- 
tical applications in sizes 8 through 42 
inches for ASA 150-pound service and 
8 through 30 inches for 300 and 600- 


pound service. 


Regularly furnished in carbon steel, 
with forged heads and welding hubs, 











OPTIMUM RETURNS THROUGH 
QUALITY CONTROL 


e A proved cost-cutter, now operating in over fifty refineries, gasoline, and 
chemical plants. ¢ Increases yield and improves quality by accurately and 
continuously monitoring ASTM end-point. Delays between quality change 
and compensating control are eliminated. Allows closer operation to end-point 


specifications. e Reproducibility far 
Technical Bulletin 5900-11. 





exceeds laboratory method. « Write for 


TOTCO 
END-POINT 
ANALYZER 








Totco also makes an Initial Boiling Point Analyzer. Write for Technical Bulletin 1259-11. 


MANUFACTURERS 
OF PRECISION 
INSTRUMENTS 

SINCE 1929 


TECHNICAL OIL TOOL CORPORATION 
1057 North La Brea Avenue, Los Angeles 38, 
California « OLdfield 4-1763 

Gulf Coast Representatives: The Mott Co., 
1719 McKinney, Houston 1, Texas 
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WHY PETROLEUM PROCESSORS 
ARE BEGINNING TO GENERATE 
THEIR OWN GAS SUPPLY 


The new ‘“‘packaged”’ type generator developed 
by Gas Atmospheres engineers, that drastically 
reduces gas costs even for minimum users, is 
a big reason why more petroleum processors 
are generating their own gas. 


INCREASED USE OF GAS, too, is a factor. The 
more gas required the greater the savings. 
Instead of an “‘incidental” it becomes a major 
area of cost reduction. 


FACTORY-TESTED SYSTEMS that come com- 
pletely assembled can be put ‘‘on line” in a 
fraction of the time formerly required. No job- 
site construction is required. 


STEP UP IN UNIT SERVICE provided by Gas 
Atmospheres’ Service Department to cut down 
time to an absolute minimum on any make 
of generator is another reason why generators 
are selling better in the petroleum industry. 


Texaco, Inc. uses this 10,000 cfh nitrogen[{carbon dioxide 
Gas Atmospheres generator in the production of oil 
additives. A new 20,000 cth unit was recently delivered. 


$390uUd WNITIOYULSd ONISSIDOYd WNIIOULId ONISS3DOYNd WNIIOYLId 


w= PETROLEUM PROCESSING PETROLEUM PROCESSING P 


PACKAGED GAS SYSTEMS are designed and 
built for the production of nitrogen, carbon 
dioxide, hydrogen, inert, reducing and anneal- 
ing gases, as are complete drying and purifica- 
tion systems, by Gas Atmospheres, Inc., 3855 
West 150th Street, Cleveland 11, Ohio. 


PETROLEUM PROCESSING PETR 


PETROLEUM PRO 


OuUl3ad ONISSSDOYUd WNI10NL3Ad 
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they also come in stainless steel, alu- 
minum and other metals and can be fur- 
nished glass lined or stainless clad. Tube 
Turns Div. of Chemetron Corp. 


Circle E11 green card, last page 


Ethanolamine Brochure Has 
Latest Technical Data 


A technical brochure on mono-, di- 
and tri-ethanolamines contains the latest 
available data on these important amino 
alcohols, first introduced industrially in 
this country in 1928. 

These components are obtained when 
ethylene oxide is reacted with ammonia 
and the resulting mixtures subjected to 
a series of separations. The technical 
bulletin deals with physical and chem- 
ical properties, application information, 
and toxicity handling and storage data. 
An extensive bibliography containing sev- 
eral hundred references is included. Jef- 
ferson Chemical Co. 

Circle E12 green card, last page 


High Efficiency Gas 
Scrubber at Low Cost 

A new line of impingement-plate-type 
scrubbers, called “Impinjet,” for wet 
cleaning, absorption or cooling of gases 
is said to provide a high efficiency scrub- 
bing action with low operating and 
maintenance costs. Both single and mul- 
tiple impingement-plate units are avail- 
able. 

Scrubbing is accomplished by the 
turbulent interaction of gas and liquid, 
as effected by the stainless steel im- 
pingement baffle plate. 

Because of the simple design, pressure 
drop and resulting power requirements 
are low. Liquid consumption is only one 


“SAFETY BOY" 


SPREADS FLANGES SAFER-FASTER 
IN TIGHTEST WORKING SPACE 





Eliminates plant safety hazards 
and costly down time. 

Spreads all Series pipe flanges. 
Spreads ring joint flanges. 
Lightweight / Priced right 

FOR CATALOG SHEET: WRITE TO 
Wm. L. Riggs Co. 

600 S. 129 E. Ave., Tulsa, Oklahoma 
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Top: Foxboro Capacitance Dynalog 
Electronic Recorder 


Below: Foxboro Octane Improvement 
Analyzer 


The Foxboro Octane Improvement 
Analyzer is based on a development of 
the Humble Oil & Refining Company. 
The Foxboro Company is licensed to 
manufacture the analyzer under patent 
rights held by Esso Research and Engi- 


this Foxboro system lets you 
measure octane improvement... 
continuously, automatically 


Now you can have a continuous, 
accurate, automatic reading of octane 
improvement on any catalytic reformer 
equipped with the Foxboro Octane 
Improvement Analyzer. 

Here’s how it works. The field-located 
Analyzer alternately monitors the die- 
lectric constant of the feed stream to — 
and the product stream from — a cata- 
lytic reformer. Both measurements are 
recorded directly on a Foxboro Capaci- 
tance Dynalog* Recorder. And, since 
a direct correlation exists between die- 
lectric constant difference and octane 


improvement, the Dynalog chart pro- 
vides a continuous record of octane 
improvement. 

The Foxboro Octane Improvement 
Analyzer pays for itself in as little as 
six months by providing data for faster 
recovery from reformer upsets. It also 
substantially reduces the number of 
knock-engine analyses required. Ask 
your Foxboro Field Engineer about this 
unique refining aid. Or write for Tech- 
nical Information 27-l1la. It has all 
the details. The Foxboro Company, 745 
Neponset Avenue, Foxboro, Mass. 

*Reg. U.S. Pat. Off. 





FOXBORO 


REG. U.S. PAT. OFF 


neering Company. 
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12 YEARS 


of Trouble-F ree 


SERVICE! 


e : ' For Valves, 
1 > Reducers, 
Tees, Crosses, 
-_ d 
\ ed , 


eres %& Special Pipe 
a 
ae 
we 
Se 


Assemblies, 
Prototypes have rendered 12 
Cast Aluminum Thermaheaters on Stainless 


with explosion- 
years of trouble-free service, and 
Steel Pipe Elbows. 
erme 9416 W. Robinson Road ® Franklin Park, Ill. 
® (Suburb of Chicago) 


THERMEL. 


CAST ALUMINUM 


pipe thermaheaters. 





All sizes, shapes and voltages 
available. Any practical wattage 
can be supplied. 


proof boxes. 
ore still operating. 
Send us your problem. 
Caer 


Your Motor + Wiedeke Torque Control 
= Increased Tube Rolling Production 


Save the cost of a new motor! New Torque Control Instrument for rolling 
¥,” through 4%” tubes in boilers, condensers and similar heat transfer 
vessels— operates with any Universal Reversible Electric Tube Rolling 


Tapper or Motor, Adjustable time cycle matches operator's dexterity. 


WRITE TODAY FOR DETAILS AND BULLETIN AC-7A 


The Gustav WIEDEKE Company 


DAYTON 1, OGHIO 
mi -—” 


C—agl 
i i Se — ed 


For more data on advertised products, use Readers’ Service Cards, last page. 








For Speediest Repair of 
Corrosion Leaks in Pipe 


JUNIOR 


EMERGENCY PIPE CLAMP 


Repair 
pipe leaks 
QUICKLY! 


Speediest application — slotted lug 
permits the single plated bolt to 
slide instantly into place. 

A companion to the old reliable 
Emergency Pipe Clamp that has 
served industry for a half century, 
the JUNIOR, a single bolt clamp, is 
272” wide. Undersells most band- 
type clamps. 

Made of malleable iron, ruggedly 
proportioned, with full-length hinge 
along one side. Formed to exact 
pipe size—no bending. The recessed 
pressure-equalizing gasket, entire 
width of clamp, is cemented in. A 
lasting installation. 2” pipe size — 
$1.80; 2%” — $2.20; 3” — $2.30. 
Write for new circular on the Junior. 


SKINNER-SEAL 
EMERGENCY PIPE CLAMPS for safe, 
sure lasting repair of splits and rust 
holes in pipe. No pressure too high. 
Anyone can apply in a few mo- 
ments. Made in all sizes, 2” to 
12”, for steel and C. I. pipe. Stocked 
by practically all oil supply stores. 


Send for catalog! 


M. B. SKINNER CO. 


SOUTH BEND 21, INDIANA 
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to three gallons per 1,000 cfm at 20-40 
psig. A single-stage unit can have a 
pressure drop as low as 2% inches while 
maintaining high efficiency. Where extra 
high efficiency is desirable, additional 
plates can be added wthout increasing 
liquid consumption. 

In gas cooling applications, the 
scrubber can handle extremely high tem- 
peratures, reducing gas temperature to 
the required level with maximum use 
of the cooling liquid. Multistage units 
are particularly applicable where chem- 
ical absorption is a requirement. The 


W. W. Sly Mfg. Co. 
Circle E13 green card, last page 


British Ball Valve Offers 
Simplicity of Design 

A new ball valve being made in Britain 
is quick-acting, being only 14-turn from 
full-open to full-closed. Because of the 
simple design of the valve, with a few 


moving parts, torque valves are a mini- | 


mum and smooth simple action is ob- 
tained. The valves are particularly suit- 
able for adaption to simple remote op- 
erating. 


The light weight and compact size of | 


the valves means easier handling and 
less space occupied. It also makes in- 


stallation and any necessary adjustments | 
simpler on site without specialized tools | 


and equipment. 

By virtue of its simplicity, there is 
less friction and wear in the ball valve 
and this in turn leads to a long service 
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Lengthen 
Condenser 
and Heat 


Exchanger 
Life 


Plastic’ Tube 
Protectors 


Protect tube ends for 
life of tube. 


Positively prevent erosion 
and abrasion. 


Reduce costly tube maintenance 
and replacement. 


Easy to install—just slip 
into tube inlet after coating 
outer surface with cement. 


** Nylon, Polyethylene or Phenolic Resin 


PLUS EXCLUSIVE FREE-FLOW DESIGN 


Wall thickness gradually tapers toward discharge end. As- 


sures smoothest possible water flow, eliminates turbulence. 

















6420 Oakton Street, Morton Grove, Illinois (Chicago Suburb) 
In Canada: Crane Packing Co., Ltd., Hamilton, Ont. 
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VERSAULITY 





DISCHARGE 








y hardly a basic manufacturing or service industry 
that hasn’t a use for Penberthy Jet Pumps. And the list of 
OEM products embodying Jet Pump applications is virtually 
endless, too. Small wonder, for wherever there’s a fluid, 
vapor, gas or slurry handling job to be done . . . aerate, 
agitate, blend, circulate, dilute, exhaust, filter, heat, mix, 
pump or transfer . . . there you'll find an application for 
versatile Penberthy Jet Pumps. 


And consider the advantages . . . small in size, light in 
weight . . . construction and operation simplicity . . . low 
initial cost, low installation cost, little or no maintenance 
cost. And in many cases Penberthy Jet Pumps can be utilized 
where mechanical pumps are impractical or uneconomical. 
Want more information? Send the coupon below or call your 
nearby Penberthy engineer today. 


PENBERTHY MANUFACTURING COMPANY 


Division of Buffalo-Eclipse Corporation 
PROPHETSTOWN, ILLINOIS 
SALES OFFICE: 2660 E. GRAND BLVD., DETROIT 11, MICH. 


PENBERTHY FOR LIQUID LEVEL GAGE SETS, TOO Dedicated to 
Quality Since 1886 


WRITE OR CALL PENBERTHY TODAY FOR COMPLETE INFORMATION 
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life with lower operational costs and a 
minimum of replacements. 

The valves manufactured, cover both 
flanged and screwed-end types to BSS 
ASA and API standards. 

The valve is available in a variety of 
body materials (cast iron, cast steel, 
bronze, aluminum and _§sstainless steel, 
etc.) combined with several different 
types of sealing, such as Teflon, Viton, 
Buna-N, etc. Weir-Pacific Valves, Ltd. 

Circle E14 green card, last page 


32-Page Booklet Covers 
Stress Relieving Problems 


Many preheating and stress relieving 
preblems can be solved with the new, 
free 400-cycle induction heating booklet. 

This 32-page, 16-section booklet an- 
swers many of the questions about why, 
when and what to preheat and stress 
relieve. Sections include information on 
demand for stress relieving, when to 
stress relieve, the purpose of stress re- 
lieving, program of stress relieving, types 
of post-heat treatments for welded joints, 
preheating before welding, methods of 
stress relieving, frequencies for induction 
heating, controlled programming, defini- 
tions and references, typical stress-relief 
treatments for certain ferrous alloys, 
stress relieving as specified in “Rules for 
Construction of Unfired Pressure Ves- 
sels” from the ASME Boiler Contruction 
Code, induction heating coil construction, 
attaching thermocouples, how to make 
or repair a thermocouple and _ trouble 
shooting guide. Hobart Brothers Co. 


Circle E15 green card, last page 


Float Control Throttles 
Valve to Maintain Level 


A new high-pressure float control, 
Model CTU-415S, features: 


e@ A positive displacement-type float 
e@ Throttling pneumatic output 
@ Hammer union connection 
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Because of its sound, imaginative 
design, the Duo-Chek check valve 
is smaller, uses less material, and 
costs less to buy. It costs less to 
maintain and lasts longer, too. 


COSTS LESS— WEIGHS LESS—EASY TO INSTALL 


A Duo-Chek check valve weighs on 
the average less than ten per cent, 
with some models weighing only two 
per cent, as much as conventional 
check valves for the same service. 
No foundations are needed. 














between the 


The Duo-Chek fits 
flanges, is smaller and weighs less. 
For example, a 6-inch steel valve, 
series 300, weighs 29 Ibs., requires 
no special installation equipment: 





NO SLAM—ANY POSITION—CUTS INVENTORY 


A stainless steel coil spring effects 
positive sealing action. The quick 
action of the spring closes the valve 
before reverse flow can occur. Result: 
No slam, no water hammer. 


The Duo-Chek simplifies piping ar- 
rangements. The spring loaded plates 
operate in any position. Most popu- 
lar sizes can be installed even in 
vertical lines with downward flow. 


The unique versatility of the Duo- 
Chek greatly reduces inventory. In 
sizes 2 through 12 inch, one valve 
fits both series 150 and 300 flanges; 
2- and 3-inch sizes fit series 600, too. 


MISSION DUO-CHEK CHECK VALVE 


The Mission Duo-Chek® check valve 
performs all regular check valve duties, 
yet is smaller, lighter, and easier to install. 
Duo-Chek check valves are available in 
a complete range of sizes from 2 to 48 
inches, ASA Series 125 through 2500. 
They come in various end connections, 
such as raised face, ring joint, weld neck, 
etc. They are made in carbon steel, stain- 
less steel, aluminum, and bronze. Special 
alloys are available. Because of the small 
size of the Duo-Chek, special alloy valves 
cost much less than conventional valves 
in the same alloy. 


MISSION VALVE AND PUMP CO. A SUBSIDIARY OF MISSION MANUFACTURING CO. P. O. Box 
Houston, Texas « Cable Address “MISSCO’ « Export Office: 30 Rockefeller Piaza, New York e In the 
United Kingdom: MISSION MANUFACTURING CO., LTD.,1 Hanover Square, London W.1 England e« Cable 


Sealing material is bonded in a groove 
in the plate. The sealing material makes 
an O-ring seal, which pressure deforms 
until metal-to-metal contact is made by 
the plate and body seat. Sealing material 
may be Buna-N, Teflon, Viton, or metal, 
depending on the service. 

The simplicity of design of the Duo-Chek 
pays off in every installation with longer 
life and less maintenance. Only six parts 
are contained within the body of the Duo- 
Chek, held without the use of internal 
fasteners or joints of any kind. All parts 
are interchangeable. 


4209, 


The Duo-Chek is much lighter in weight 
than conventional check valves, yet is 
stronger. By dividing the opening, the 
unsupported plate area is reduced so that 
each plate requires only one-eighth of the 
weight of a conventional clapper of the 
same strength. The short stocky body is 
inherently stronger and more rigid than a 
short length of heavy wall pipe. 

Whatever your check valve application, 
the Mission Duo-Chek can cut initial 
purchase and installation costs, cut main- 
tenance costs from then on. Contact 
Mission now for a representative. 


MASSiay 


Address "“MISSOMAN’ « Sold by Mission Manufacturing Company outside of Canada and the U.S.A. 
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Check design . . . and you’ll 
find Fast’s Couplings (the 
original gear-type couplings) 
are superbly engineered, rug- 
gedly built, smoothly running 
units designed to outlast 
the machines they connect. 





Check completeness of line... . 
and you'll find Fast’s Cou- 
plingscome inacompleterange 
of sizes and types for shafts 
from 4%" to 32” and larger. 
Check service . . . and you'll 
find Fast’s Couplings are 
backed by expert help from 





What makes the first 
gear-type coupling 


FAST’S COUPLINGS 


Engineered Products Sold with Service 





experienced field engineers. . . 
while outstanding stock facili- 
ties throughout the country 
insure speedy delivery of your 
coupling orders. 


Check popularity ...and you’ll 
find Fast’s Couplings are the 
choice of more _ industrial 
equipment manufacturers 
than any other shaft coupling. 


Check Fast’s for your coupling 
needs today. 


Koprers Company, INnc., 1505 
Scott St., Baltimore 3, Md. 
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VOSS VALVES will mean 


LESS MAINTENANCE 


FEWER SHUTDOWNS 
for your COMPRESSORS 


... One of a series presented by 
Western Supply Company, Tulsa, to 
improve the “1.Q.”* of engineers... 


/BUYER-SELLER “ALLIANCE” 


IMPORTANT 10 ENGINEERS: 
ORDERS ARE BORN 
OF CONFIDENCE 


It is oftentimes surprising to the en- 
gineer that in the course of his career, 
if it is to be a rewarding one, he will 
be required to develop talents of both 
selling and buying. To put it simply: 
either you have sold or you have been 
sold every time you talk to someone. 
If you haven't closed your mind, you 
will often be sold. If you are compe- 
tent to do so, you will just as often sell 
someone else. 

Selling and buying processing equip- 
ment is a highly developed field, but 
essentially it consists of buying and sell- 
ing ideas. As your career advances into 
supervisory, Management, and executive 
functions, you will be called on to exhi- 
bit greater buyer-seller abilities. Buying 
and selling, directly or indirectly, are 
the heart and pulse of your company’s 
business activity. 

Most buying in industry involves 
from three to six individuals. Although 
the purchasing agent will be a key 
factor in all purchasing, almost all pur- 
chases in technical fields require the 
technical assistance of someone outside 
the purchasing department. 

An industrial buyer, whether he is a 
purchasing agent or an engineer, is hu- 
man, and is responsive to the same 
human values that you are when you 
buy a car or a suit of clothes. The in- 
dustrial purchaser, though, is keenly 
aware of the plant and organization for 
which he buys. He is conversant with 
the product needed, and with its ulti- 
mate use. 

The purchaser’s objective is to pro- 
cure the right equipment or material, 
of the right quality, in the right quan- 
tity, at the right time, from the right 
source, and at the right price. In ac- 
complishing this he actually becomes a 


Voss Valves are made to specification, machined from solid stock (not cast)—using best alloy 
steels; for corrosion condition—stainless steels, such as 410, 18-8 or non-ferrous alloys—monel, 
inconel, etc. Plates are machined (not stamped) and ground for precise close tolerance fit; 
are dimensionally stable... ductile... resist fracture, high temperatures and corrosion... 
withstand fatigue. Springs of heavy rectangular sections and large diameters add to 
dependability and safety. 


“salesman-selling-a-salesman.” 

In modern business the purchasing 
department should be a profit-making 
department. A four per cent savings in 
purchase costs, for instance, might be 
equal in profits to a 20 per cent in- 
crease in sales volume. Considering that 
F the average industrial firm spends about 

@ up to 40°/, more valve 50 to 60 cents of each sales dollar for 
area purchases, purchasing savings can easily 
@ minimum pressure loss ia yer oo memory of profit. 
igher efficien n one large steel company, costs 0 
@ hig cy products and services bought exceeds 
@ less power consumption 


four million dollars for each working 
@ normal discharge day. The variety of products bought is 
temperature 


in the tens of thousands and these are 
© quiet, vibration-free purchased from nearly 50,000 suppliers. 
@ utmost safety 


Obviously there is terrific opportunity 
@ lower operating costs 





for savings in the art of purchasing. 


FOOTNOTE: These are the opening para- 
graphs of Western's latest “professional 
advancement” series, Booklet E-10, en- 
titled ‘“Buyer-Seller ‘Alliance’; Import- 
ant to Engineers’. Your copy is free 
upon request. Write to Western Supply 
Company, Heat Exchanger Division, P.O. 
Box 1888, Tulsa Okla.—where “buyer- 
seller” relationships are important in the 
delivery of quality-design heat ex- 
changers. 


For detailed 

proposal send name, 
bore, stroke 

and speed of machine. 


J. H. H. VOSS Co., Inc. 


785 East 144th Street, 
New York 54, N. Y. 


REG US PAT. OFF 
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e@ Adaptability for pressures up to Fi : 4 > 
1,500 psi ; ‘ : 
@ A unique sight glass arrangement ey ‘ 





for visual level indication 
The primary application is the throt- | 


point. When connected wih a da- | (i filam . —! LIGHT, FLEXIBLE— 
phragm-type valve it will continually ' 


throttle the valve to maintain the level | | ‘ KEEPS REFINERY 


at a pre-set point. As the level rises the | 


inter sasce, ak © eee ae , WORKERS COMFORTABLE 


. . . . , 
up in the control line which activates 


a diaphragm valve. As the level recedes When clouds gather, and rain or snow falls, outdoor refinery workers don 
the float will follow for throttling con- 


sel, Instruments. fac. North PVC Wet-Weather Clothing by Jomac. 

They stay dry because the shielded and electronically welded seams 
won't pull apart, the welded PVC buttons won’t pull off, and the material 
| is absolutely waterproof. They stay safe because North PVC clothing 


Air Operator for Automatic resists most chemicals, oils and greases, is safety yellow for maximum 
Control of Ball Valves visibility. They stay comfortable because set-in sleeve design and generous 
A new line of air-powered operators cut provide complete freedom of movement. 

provides automatic or pushbutton remote 
control for the company’s ball valves. 
Vertically mounted type operators for 
valves from % through 8-inch sizes are 
totally enclosed to 
protect all moving 
parts from the at- 
mosphere. When a 
series of automated 
valves are mounted 
side by side, this type 
of operator permits 

closer spacing. 
Horizontally 
mounted cylinder- 
and-lever-type opera- WRITE TODAY FOR A FOLDER DESCRIBING 


tors are available for THESE PROTECTIVE JOMAC PRODUCTS 


all valves from 3 


through 8-inch sizes. They cost less than | 
the top-mounted type and their over-all 
height is less so that they will fit more 


conveniently where overhead is restricted. 








Circle E16 green card, last page 


Insist on North PVC gloves for maximum 
hand protection. They offer better fit, 
greater dexterity, more comfort, and 
superior safety in handling most chemi- 
cals, oils and greases. 


Both types of operators are sold in- Jomac Inc., Dept. M 
tegral with the valves or separately for Philadelphia 38, Pa. 
installation on valves already in service. ’ 
Optional accessories include a solenoid In Canada: James North Canada Company Ltd., Simcoe, Ont. 
valve for electrical control, limit switch "JOMAC Sells Quality . . . and Quality Sells JOMAC!” 
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od for remote on/off indication, and a fail- 
Ss avin fy safe device to return the valve to open 
or closed position in event of air system 


failure. Hills-McCanna. 


Pp rot ec t 10h Circle E17 green card, last page 


Tube Expander Handles 


You can be sure that accuracy and reliability are always built into 30 Tubes Per Minute 

Shand & Jurs designed liquid level GAGES. The problem of rolling small tubes 
Designed by engineers who know what you require. a ae aro Sad ED ee 
S&J offers the industry precision gages with €asy- 3 ae This unique pneumatic motor tool has 
to-read digital indication, vapor-tight construction im) See OE a ietcavaes edie oon 
and freedom from maintenance—all contributing ge Y¥4 to ¥% inch. Expanding 30 or more 
toward savings and protection for your plant and g ee 


personnel. You will also be interested in S&J pea’. Weighing only 234 pounds, the motor 


is hand held and run constantly with 


BREATHER VALVES that will give you - trigger control for instant heowaad and 


the minimum maintenance service that you 
need for true operating economy. Unique 
construction assures tight seating for vapor 
savings, and excellent resistance to sticking, 
corrosion and freezing—a major achievement 
in tank protection. Be sure to see the latest 
development in safety, too: examine the S&J 


DEPRE SSURING VALVE that affords 
emergency venting as outlined in API RP-520. Self- 
energized and fail-safe, it can be either manually 
or automatically actuated to dump hazardous pres- neverse operation, giving the operator 
j ; ‘ : perfect control at all times. 
sures during exposure fires, for the ultimate in The special size condenser and heat 
safety It can be rapidly re-closed on command. for exchanger tube expanders developed for 
a i ’ these small tubes produce a smooth un- 
obvious product savings. S&J proudly offers you ridged surface in the tube. They give 
. exceptionally long service, and feature 
RATE which combines continuous alarm scan ; a ball bearing thrust collar which elimi- 
with telemetering and supervisory control. nates frictional heat. The rolls are tapered 
Se, ia ; . to produce uniform expansion and tight- 
Utilizing solid state electronics, RATE ness throughout the tube sheet. The 
provides speed, flexibility, reliability and Airetool Manufacturing Co. 
savings throughout! And it operates over Circle E18 green card, last page 
a single low-grade, low-cost communica- 
tions channel. You are protected by com- Application Data Sheets 


plete error-checking of all addresses and Show Use of Fractometer 
inputs. Automation of tomorrow—today! 





A series of 14 application data sheets, 
providing information on the use of its 
Detailed specs on any S&J product process vapor fractometer in various 
are available to you. Your inquiry will receive 


chemical and petroleum processes, give 
prompt attention. Write today. 


a general description of each process, 
— detail the analyses that can be made by 
the process vapor fractometer and, where 


SHAND necessary, list the accessory components 

ANO jURS that should be used with the instrument 
i+ to perform an analysis. 

SHAND AND JURS CO. I Among the applications covered are 

2600 EIGHTH STREET * BERKELEY 10, CALIFORNIA alkylation reactors, debutanizers, depro- 

A Subsidiary of General Precision Equipment Corp. panizers, ammonia plants, natural gas 


plants and sulfur plants. Perkin-Elmer 
Corp. 














OFFICES: New York * Tulsa * Los Angeles * Houston * Chicago * Cleveland * Berkeley ; 
REPRESENTATIVES: Seattle * Denver * Pittsburgh * Atlanta * Montreal * Toronto | 
Vancouver * Calgary * Mexico, D.F. * England * other countries 
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BIINGUINIE 
BIRENIDINNIGESISTIEMS 














TOTAL BLEND 
IGITAI Pp 
UNiae) ania. OSCILLATOR DIGITAL COMPARATOR BLENDED PRogUCt 
COMPONENT CONTROLLER 
% SETTER Ly 
SCALER TOTALIZER _— 
FLOWMETER 
STREAM A bg gee ee Beers Te cc RS ROO ee * Typical multi-stream 
COMPONENT DIGITAL COMPARATOR In-Line Blending Sys 
“0 SETTER tem. All systems are 
electronic with meas 
CONTROLLER saree urement, control, and 
SCALER TOTALIZER “i readout functions han 
died by interchangeable 
STREAM ''B modules 
FLOWMETER 


SET POINT TO OTHER COMPONENT STATIONS 
FROM OTHER STREAMS 





UOP PROCESSES, PRODUCTS AND SERVICES 
FOR THE PETROLEUM 
INDUSTRY 


Shown here are the basic 

UOP activities serving the 
petroleum industry. UOP will be 
happy to provide more detailed 
information on any 

UOP process, service or product. 


PETROLEUM REFINING AND 
PETROCHEMICAL PROCESSES 

. in all UOP offers 23 processes 
for the production of the full range of 
petroleum products. 


MARKET RESEARCH SERVICE 


... includes evaluation of markets and 
potentials, geographic factors, market- 
ing trends, personnel requirements, 
and process application planning. 
Sir. A 2 f FIELD SERVICE ...UOP maintains 
LEUM 


an experienced staff of refinery experts 
PETR REFINING located in strategic areas of the free 
awe PerROCcHEMiCal world. These specialists are available 
to handle processing and allied prob- 
lems encountered by refiners. 


LABORATORY SERVICE ... Avail- 
able to refiners, this service consists 
of crude evaluation, product stability 
analysis, gas concentration equipment 
performance, and allied problems in 
processing and product quality. 


REFINERY STAFF INSTRUC- 
TION ...UOP provides expert staff 
instruction in training refiner’s process 
operators in conjunction with the in- 
stallation of UOP process units. 


UOP PRODUCTS...UOP catalysts, 
developed and manufactured to exact- 
ing specifications of purity and high 
activity, assure efficient processing. In 
addition UOP offers a wide range of 
inhibitors and antioxidants for main- 
taining the quality of petroleum pro- 
ducts. These additives enable refiners 
to solve such problems as product 
contamination, stability, color, viscos- 
ity, gum formation, and maintenance of 
octane values. 


For more data on advertised products, use Readers’ Service Cards, last page. PETROLEU M REFINER—V ol. 40, No. 5 
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how UOP serves 


the petroleum industry so well 


The fullest measure of service to the petroleum 
refining industry has been and will continue to be 
UOP’s purpose. Starting with the research and 
design of petroleum refining and petrochemical 
processes, through the field and laboratory services 
performed in conjunction with these processes, 
UOP has directed its capacity to provide a wide 
variety of elements needed to aid the refiner in 
producing and marketing the best quality 
petroleum products. 

Keeping refined products stable and maintaining 
product quality in transportation, storage, and 


WHERE RESEARCH TODAY 
MEANS PROGRESS TOMORROW 
® 


use is an important area of UOP’s aid to refiners. 
Over the years Universal has developed a wide 
range of petroleum inhibitors and additives to 
give refiners a reliable and economical means to 
safeguard the quality of their petroleum products. 


Hundreds of refiners the world over are customers 
for UOP processes, services and products. Some 
use all... others use only certain specific proc- 
esses, services or products. If you have a petroleum 
processing, marketing or product quality problem, 
talk it over first with UOP. 


UNIVERSAL OIL PRODUCTS COMPANY 


30 Algonquin Road, Des Plaines, Illinois, U.S. A. 


For more data on advertised products, use Readers’ Service Cards, last page. 





HOW COMPLEX 
ARE YOUR FILTERING AND 
STRAINING PROBLEMS? 


Complexity in filtering and straining problems de- 
mands woven wire cloth. For this medium favors 
high, uninterrupted flow ... is stable and will not 
creep ... is versatile and can be fabricated to meet 
exacting requirements. 


Cleveland Wire Cloth has the experience and facilities 
to solve your filtering and straining problems. We 
match your specifications in any metal or alloy . .. in 
any mesh count and mesh size. Will fabricate single 
and multi-screen strainers in any shape or size. Write 
for Bulletin describing woven wire screens for filter- 


ing and straining. 


THE CLEVELAND WIRE CLOTH 
‘and MANUFACTURING COMPANY 
3571 E. 78th Street + Cleveland 5, Ohio + Di 1-1832 
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POSITIVE 
CONTROL FOR 
PROBLEM 
FLUIDS! 


If suitable barstock material is 
available, any problem fluid can 
be throttled or provided with 
positive on-off control. Dahl 
BANTAM Control Valves, fea- 
turing barstock bodies, handle 
any chemical fluid except liquid 
metals like sodium and similar 
fluids where excessive tempera- 
ture is a restriction. 


BANTAM features include ex- 
cellent flow characteristics, low 
hysteresis, and fast response. 
Offered in a wide selection of 


Y% actual size 


pneumatic operators and control 
positioners, standard models are 
rated at pressures up to 1000 psi 
at 450°F. Compactness, quality 
construction, and ruggedness 
also contribute to their virtually 
unlimited application versatility. 


REQUEST Catalog B-1 for 
complete data on these versatile 
valves . . . for positive control of 
your problem fluids! G. W. Dahl 
Co., Inc., 85 Tupelo Street, 
Bristol, Rhode Island. 


G. Ww. DAHL Co., INC. 


SPECIALISTS IN COMPACT VALVES AND CONTROLS 


IHVG'"M 'O + JHVGO'M 'D * IHVG'M ‘9 * TIHVaA'M ‘ODO * IHYG'’M ‘9 


G. W. DAHL + G. W. DAHL +: G. W. DAHL - G. W. DAHL + G. W. DAHL 
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New Equipment .. . 





Butterfly Valve Has 
Replaceable Rubber Liner 


A butterfly valve with a snap-in type 
replaceable rubber liner is designed for 
bubble-tight shut-off on vacuum service 
and differential pressures up to 150 psi; 

for temperatures from 
—60° F to +400° F 
(depending on the 
type of elastomer 
liner selected); and 
with 125-pound ASA 
flanges. Sizes 2 
through 12 inches are 
available. 
Maintenance of the 
valve is relatively 
simple. It never needs 
lubrication. It may 
be disassembled with 
a few standard hand tools. The liner 
can be replaced easily because it is 
held in the valve body mechanically 
rather than by bonding or cementing 
agents. The liner also has self-aligning 
shaft holes, which speed re-assembly. 
Furthermore, the components of the 
“Double R/L” do not need grinding in 
or precision fitting. 

A bulletin gives complete details. Con- 

tinental Equipment Co. 


Circle E20 green card, last page 


‘Creative Urge’ Booklet 
Gives Points to Follow 


A new booklet entitled “Knowledge, 
Study, Creative Urge, Professional Dedi- 
cation,” discusses the intellectual let-down 
experienced by many engineers after grad- 
uation. It says that this trend to “stop 
learning” is passé in today’s accelerated 
engineering profession, because to stop 
learning is to stop growing: to stifle imagi- 
nation, to throttle creativity, and ulti- 
mately to kill scientific progress. 

Pointers are given to produce engineer- 
ing achievement and accomplishment. 
Western Supply Co. 


Circle E21 green card, last page 


Jet Compressor Catalog 
Has Engineering Details 


A new bulletin on a line of jet com- 
pressors, including fixed-nozzle, manually 
controlled spindle, and automatically 
controlled spindle types, details construc- 
tion, operation and application informa- 
tion. A nomograph determines the pos- 
sible weight ratio of secondary gas to 
primary gas and a second nomograph 
determines the compressor size. 

Jet compressors use a_ high-pressure 
gas to circulate, boost low-pressure and 
to mix, transfer, and compress gases. 
Schutte and Koerting Co. 


Circle E22 green card, last page 
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Storage Tank Vent 


Drier GUARDS Liquids 
against Moisture . . 


This 40” desic- 
cant-type drying 
column will pro- 
tect tanks from 
500 gallons to 
50,000 gallons. 
The unit will dry 
vent air to a dew 
point of minus 


100°F. 


Write for 
Complete Details 


W. A. Hammond Drierite Co. 


120 Dayton Avenue, Xenia, Ohio 








UNITIZED 
CONSTRUCTION 


MAKES THE BIG 
DIFFERENCE 


Unitized construc- 
tion means it’s com- 
letely enclosed, 
ked in permanent 
alignment, sealed 
against leakage, dirt 
and weather. All 
moving parts inside 
run in oil. Heavy 
duty design includes 
machine cut gears, 
outboard bearings on pump drive shaft. 
Solution heads of special materials avail- 
able for slurries, corrosive liquids. Four 
sta: sizes, up to 54 GPH, pressures 
to 300 psi. Duplex units provide twice the 
capacity with one motor. 


Write for complete information on the new 
Madden METRIFLOW Metering Pump 


The 
MADDEN CORPORATION 


1345 Jarvis Ave., Chicago 26, III. 
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New Equipment ... 





Valve Position Transmitter 
Covered in Bulletin 


Operating on the force balance principle | 


and designed for either rotary or straight- 
line motion, the AVPT pneumatic valve 
position transmitter is ideally suited for 
countless applications in which the knowl- 
edge of the position of a remote mech- 
anism is important for accurate control of 
process. 

A new two-page bulletin contains 
photographs, dimensions and _ specifi- 
cations. Also included are application 
examples for the use of the transmitter. 
B-I-F Industries. 





Circle E23 green card, last page 


Mechanical Air Separator 
Bulletin Has Design Data 


A new 16-page bulletin on mechanical 


air separators combines the illustrated | 
and completely described features of | 


single and double mechanical air sep- 


arators with detailed diagrams of the | 


equipment available, pertinent technical 


data covering the various types of ma- | 


terials to be processed, and listings of | 
tables of sizes and specifications. The | 
Raymond Div., Combustion Engineering, | 


Inc. 


Circle E24 green card, last page | 


Thermocouple Wire Cuts 
Cost and Saves Space 


A new bulletin describing three designs 


of “Dekoron” multicouple extension wire | 


is now available. 


Complete descriptions and specifications 


have been included for those people in re- 


fineries, petrochemical, gas processing | 


plants and engineering firms, interested in 
cutting installation costs of thermocouple 
extension wire. Samuel Moore & Co. 


Circle E25 green card, last page | 





Use Readers’ Service 
Postcard, Page 397 
for more information 


on advertised products. 




















HIGH 
PRESSURE 
GAUGES 


FOR 


CHEMICAL PLANTS 


AND 


REFINERIES 


Single or 
Multiple 
Sections 


Multiple section gauges 
are made with a one 
piece body chamber. This 
method of construction, 
originated by Strahman, 
has become generally 
adopted as standard by 
most gauge manufac- 
turers. 

An added safety fea- 
ture! Except for visibility 
slot, glass is completely 
enclosed. 


© Explosion proof illuminators 
© Heated or cooled 
@ Large Chamber 

e Frost-proof extensions 

© Tubular Gauges 

e Cocks 


STRAHMAN 


VALVES INC. 


NICOLET AVE., FLORHAM PARK, N, J. 


For more data on advertised products, use Readers’ Service Cards, last page. 395 
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uality 


‘ can not 


». »be[mitated 


The reputation for quality enjoyed by Koch products 
was established — not by chance — but through out- 
standing and clear-cut product engineering success — 
spanning back more than 30 years. 

Highly experienced, top-flight design personnel, 
originated the Koch Flexitray ...most economical 
device yet developed for distillation absorption and 
stripping. Their intensive experience and consummate 
engineering skill are your assurance of the continued 
superior quality of this low-cost fractionating tray. 
Next time, when specifying fractionating devices for 
your tower installation, keep this in mind: 

The quality of Koch Flexitrays can not be imitated! 


Ceo] ed, | 


ENGINEERING CO., INC 
321 West Douglas Ave. 
WICHITA, KANSAS 


See our catalog in “Refinery Catalog” — or contact 
your nearest Koch Representative. 


Butte, Montana — G. M. Wallac & Co., P. 0. Box 208 

Charleston 1, W. Va. — D. D. Foster Co., 1108 Nelson Bidg 

Denver, Colorado — G. M. Wallace & Co., 324 Denham Bidg 

El Paso, Texas — G. M. Wallace & Co., Suite 511, Electric Bidg 
Houston, Texas — Alpha Engineering Co., P. 0. Box 12371 

Kansas City 13, Mo. — Sample Brothers, P. 0. Box 7061 

New York 17, N. Y. —F. J. McConnell Co., 60 East 42nd St 

Oakland, California — Engineered Process Equip. Co., 600 16th St 
Park Ridge, lilinois — M. B. Fisher, 1521 Courtland Ave 

Pasadena, California — Engineered Process Equip. Co., 774 E. Green St 
Pittsburgh 19, Pa. — D. D. Foster Co., 2210 Koppers Bidg 

Salt Lake City, Utah — G. M. Wallace & Co., Continental Bank Bidg 

St. Louis 17, Missouri — Sample Brothers, 2010 Big Bend Bivd 

Tulsa 16, Okiahoma — Myers-Aubrey Co., P. 0. Box 5436 

Scarborough, Ontario, Canada — Muirhead Fromson Ltd., 65 Hymus Road 
Fribourg, Switzerland — Koch Flexitrays, S.A. 20 rue St. Pierre 


European Fabrication Available 
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w K al McKee and WKE now bring you a great new pool of 
SPECIALIZED ENGINEERING TALENT 


The diversified technical knowledge, field construction skills and practical 
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world-wide experience of two large, highly-specialized engineering firms are 
now combined to supply your company with international engineering serv- 
ices of unequalled scope. 


Western Knapp Engineering Co. needs no introduction to leaders in the non- 
ferrous metals and minerals fields. Nor does Arthur G. McKee & Company 
need an introduction to the world’s steel, petroleum and chemical industries. 
Together they offer you one of the greatest pools of specialized engineering 
talent available anywhere today. McKee and WKE engineers in 14 important 
world industrial centers are ready to give you close cooperation and service 
in your own area. 


We would like to give you more detailed information on our new plant 
engineering and construction services . . . and on how you can use them to 
your profit. A call to our nearest office will get prompt action. 


THE McKEE ORGANIZATION aarp ¢. were s company, 2300 chester ave, 


Cleveland 1, Ohio. Offices: New York; Union, N. J.; Washington, D. C.; Houston, Texas. Subs/d/aries: Toronto and 
Montreal, Canada; Mexico City, Mexico; Sao Paulo, Brazil; Buenos Aires, Argentina; McKee Head Wrightson, London. 
WESTERN KNAPP ENGINEERING CO. 650 Fifth St., San Francisco 7, Calif. Offices: New York; Chicago; Hibbing, Minn. 


INTERNATIONAL ENGINEERING 
AND CONSTRUCTION SERVICES 

















